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DETECTOR (DEMODULATION CIRCUITS) 


PART A. ELECTRON TUBE CIRCUITS 
AM DETECTORS. 

Detector circuits are used to remove the modulation 
(trunstitted intelligence) from a received r-f signal and 
transfer it back into its original form, so that it may be 
used for listening, viewing, communication, or other pur- 
poses. The process of detection is also called demedula- 
tion, which should not be confused with the special methods 
used for reducing the percentage of modulation. 

There are many methods of detection and many circuit 
variations. In ius paragraph only amplitude-modulation 
detectors will be discussed. Other types of detectors are 
discussed later in this section. While the diode forms the 
basic detector, triodes (or other multielement electron 
tubes) can also be used to obtain additional amplitication, 
or can be connected to operate as diodes. When triodes 
(or other types) are used, the detector circuits are divided 
into two general classes qrid detectors and plate detectors. 
Square-law-detectors, small-signal detectors, large-signal 
detectors, or power detectors may be either grid or plate 
types. When detection occurs in the grid circuit, it is 
called grid detection; when it occurs in the plate circuit, 
it is called plate detection. Grid detectors are usually 
small-signal detectors, and nearly always have a ‘‘square 
law’’ response, with the output varying as the square of the 
input voltage. This type of detection is characterized by 
extreme distortion (cs high as 25 percent) at high percent- 
ages of modulation, in contrast to practically linear epee 
tion for diodes or plate detectors. Strictly speaking, from 
a technical standpoint every detector, whether considered 
linear or not, produces 4 certain amount of distortion; how- 
ever, some circuits produce less than others. 

Generally speaking, small-signal detectors are linear 
over a very small range of input voltages, and, as the input 
increases, so does the distortion. On the other hand, plate 
detectors are also linear when operating over small ranges 
at small amplitudes; but even though considered linear, the 
tube gtid-plate trensfer characteristic is never a perfectly 
straight line, so that for large-signal inputs some distortion 
is produced. Large-signal detectors are called power de- 
tectors. They are designed to handle large input signal 
qs with as Httle distortion as permissible, and to pro- 
ce ‘large output voltages capable of driving power ampli- 
fier tubes directly. The actual power involved is relatively 
sma!) though being on the order of miiliwatts; consequently, 
with the present day multipurpose tubes and techniques, 
the power detector is used mostly for special purpose ap- 
plications. In fact, with the present day trend to super- 
heterodyne receivers, which feed the large output of the if 
stages into the detector, most of the high-gain detector 
circuits are no longer used (or needed} and are supplanted 
by the simple dinde detector. In the less complex types of 
receivers, however, the high-gain detectors are still favored. 

The gridleak type detectors depend on the flow of grid 
urrent for their operation, and ore used where sensitivity 
is more important than lack of distortion. The arid-bias 
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finite-impedance detector, etc) is used where a large output 
with low distortion is needed. The heterodyne detector is 
used for the reception of unmodulated (CW) signals and for 
single-sideband applications. The regenerative detector 
{which may be grid or plate) is used where high sensitivity 
provided by regenerative feedback is desired, usually in 
two or three-tube receivers, The super-regenerative detec- 
tor, which utilizes maximum regenerative feedback without 
producing oscillations, is used where the lack of gain in 
the stages preceding the detector makes its use desirable. 
The autodyne detector is essentially a regenerative detec- 
tor with sufficient feedback to produce oscillation so that 
it can be used for unmodulcted CW reception, as well as 
AM reception. Each of these detectors will be more 
thoroughly discussed in the fallnwing paracraphs. 


DIODE DETECTORS. 


APPLICATION. 

Diode detectors are used to remove the modulation from 
the received r-f carrier and convert it into the original in- 
telligence transmitted. These types of detectors are usually 
used in superheterodyne receivers, or in receivers supply- 
ing a large input signal to the detector. They are also used 
in test equipment where linear detection is required ({perticul- 
arly in vacuum-tube voltmeter applications) and as field 
strength indicators for transmitters. 


CHARACTERISTICS. 

Operates linearly over a large range of input voltages. 

Has a relativeiy constant input impedance which is 
independent of the input voltage. 

Does not amplify the input signal. 

Distortion produced for normal operation is on the 
order of 1 to 2 percent. 


CIRCUIT ANALYSIS. 

General, The ideal detector produces no distortion 
in the process of detection, and reproduces the modulation 
signal exactly as it was before modulation of the carrier. 
There ore three forms of distortion possible in the detection 
process, namely, amplitude, frequency, and phase distortion. 
When extra frequencies are developed in the demodulation 
process that did not exist in the original modulation, the 
result is a form of amplitude distortion. When the detector 
is more responsive to some frequencies than to others, fre- 
quency distortion results. When the phase relationships 
between the modulation frequencies are changed, phase 
distortion is produced. The dicde operation, while tit 
sidered linear, is not perfectly so; that is, instead of a 
strdignt line relationship Letween the input and output, 
the tube transfer characteristic is curved, especiaily at 
the low end. Thus, for smull signals (on the order of mil- 
livolts), a nonlinear or distorted output is obtained. Act- 
ually, for small signals the diode operates as a square-law 
detector; that is, the output varies as the square of the 
input voltage. Thus like the grid detector, which also 
operates on & cae transfer characteristic, the greater 
the percentage of modulation, the greater the cistortion {a 
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struction ond cannot be eliminated, the diode detector is 
usudlly operated with large input voltages. In other words, 
it is used only after numerous stages of rf or i-f amplitice 
tion, so that the signal to be demodulated is on the order 
of volts. It is evident that while a steady signal can be 
made to produce no distortion, o signal which varies in 
amplitude from zero to some maximum value will produce 

a slight amount of distortion while operating near its zero 
value, even with many stages of amplification. Hence the 
nominal rating of 1 to 2 percent distortion for diode detec- 
tion. Finally, excessive capacitive reactance shunting 
the detector load will cause a dropping of output ct the 
high audio frequencies (above 10 kc}, producing a phase 
shift of the high frequencies as compared with the low and 
medium frequencies, and thereby causing distortion. Thus 
it is clear that, while the diode is considered the best of 
the large-signal detectors, it does produce some distortion. 

Since the diode is a two-element electron tube, it 
operates essentially as a simple half-wave rectifier, similar 
to the power rectifier used to supply plate voltages, except 
that it operates at radio frequencies rather than at power- 
line frequencies. Like the power rectifier, the diode detec- 
tor must also have a filter {rf) to minimize ripple voltage at 
the carrier frequency. Similarly, it produces a d-c output 
voltage, plus the audio-frequency modulation component. 
Since the detector supplies a voltage to the audio amplifier 
stages following it, full-wave rectifier circuits are occa- 
sionally used to supply greater output with less filtering. 
For most applications, however, the simple half-wave 
rectifier connection is used because it requires fewer com- 
ponents, is cheaper to produce, and has sufficient output 
for present-day audio stages. 

Although the diode consumes little power in the detec- 
tion process, it does place a load on the input stage; it is 
usually considered to act as if it were a resistor of half 
the load-resistance value, shunted across the input circuit. 
Normal efficiency ratings are better than 80 percent, with 
90 percent being the rule rather than the exception. This 
is true because the loss in the diode is small, since the 
diode plate resistance is usually much less than the detec- 
tor load resistance. 

Circuit Operation, Two forms of the basic diode cir- 
cuit are shown in the accompanying illustration, with cir- 
cuit A being the most prevalent in use. Both diode circuits 
are identical in operation, but circuit B offers an alternative 
Sutput connection (across capacitor C) if desired, ond, since 
the capacitor is in series with the input and the diode, it 
Prevents the low d-c resistance of the input transformer 
secondary from shunting the diode load at the signal fre- 
quency. 

For simplicity, the illustration shows an untuned input 
transformer; actually, in most modern receivers, both the 
primary and secondary circuits are tuned. Where high-Q 
circuits with extreme selectivity are employed, some of the 
high-frequency sidebands are removed by the narrow pass 
band; as a result, there is a lack of high-frequency response 
in the detector output. This effect, however, isnot inherent 
in the detector ~ it is due to poor design of the tuned cir- 
cuits. 

Basic operation consists of the charge and discharge 
of the R-C circuit, which uses the voltage developed across 
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R to charge C to nearly the peak voltage of the input signal. 
When the plate is positive with respect to the cathode, 

the diode conducts and charges capacitor C. Since there 

is a small voltage drop in the diode between cathode and 
plate when conduction occurs, it is apparent that the max- 
imum developed detector voltage can never be exactly equal 
to the peak applied voltage, but will depend upon the ratio 
of load resistor R to the resistance of the diode. There 
fore, the detectar efficiency can never reach 100 percent, 
though it does average around 90 percent. However, if C 

is too large, its low reactance in parallel with R will shunt 
the signal, and a lower output will result. Detector charge 
action and discharge ection are shown in the accompanying 
figure for the tone-modulated input waveform of A; B, C, 
and D illustrate the charge and discharge of the capacitor. 
On each positive half-cycle of the radio-frequency signal, 
capacitor C charges to c maximum value as determined by 
the percentage of moduluiion, On each negative half-cycle, 
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capacitor C discharges at a rate fixed by its circuit time 
constant. As shown in waveform B, the time constant is 
too slow, and C cannot discharge fast enough to follow the 
modulation on the negative swing before the next positive 
tf half-cycle begins; consequently, the negative portion of 
the modulation signal is effectively chopped off, and a dis- 
torted output results. The time scale is exaggerated to 
convey the idec more clearly. In contrast to the time con- 
stant just considered, the time constant of example C is 
too fast, and the average output drops to a low value. Ex- 
ample D shows the effect of a proper time constant. It is 
evident from the examples that either too fast or too slow a 
discharge rate {time constant) will distort the received- 
signal waveform, 

From part E of the figure, it is evident that the modula 
tion consists of puises at tne cunie: Wequency ana that the 
amplitude is proportional to the modulation percentage. 
Also, it can be seen that at zero modulation a carrier fre- 
quency voltage exists which is proportional to the carrier 
amplitude. Thus across load resistor R is developed a 
d-c voltage for automatic volume control use, which will 
be discussed more fully in a following paragraph. It can 
also be seen that a carrier-frequency ripple will exist; thot 
is eliminated by use of a low-pass filter (in addition to the 
bypassing action of C, whose reactance is small at the 
carrier frequency). 

From port E of the figure, it is also evident why the 
diode detector can be considered as a half-wave rectifier. 
For linear operation and assuming perfect rectification, the 
diode would conduct only on the positive excursions of the 
modulation signal, remaining inoperative on the negative 
signal excursions. In this case, the positive excursions 
are the signal above the f, line, and the negative excur- 
sions are the signa! below the line. Thus, only the positive 
portion of the modulation signal is rectified, and the output 
consists of pulses of current at the modulation frequency. 
These pulses of current are used to charge and discharge 
capacitor C and thereby produce the audio output voltage 
of part D, as explained previously. 

A typical diode detector circuit with an r-f filter is 
illustrated in the following figure. The input transformer 
(T3) has both primary and secondary tuned for maximum 
selectivity. 


Typica! Diode Detector 
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The t-f filter consists of Cl ond Rl acting as a low- 
pass filter arrangement assisted by C2. Capacitor C2 
performs a dual function: in conjunction with R2 it can be 
considered to form a low-pass r-f filter, and it can also be 
considered as a straight bypass across load resistor R2. 
In either instance, however, it helps eliminate any r-f re 
maining in the i-f carrier, and also develops an audio out- 
put voltage in accordance with the average value of the 
diode load current passing through load resistor 2. 

Design Considerations. When the plate of the diode 
is more positive than the cathode, current flows, producing 
a voltage drop across load resistor R2 which follows the 
modulation signal. Current flow on the positive signal 
swing is limited only at saturation, which normally does 
not occur even with very strong signals at 100 percent 
modulation. As the modulation signal swings in the negative 
direction, the current flow diminishes until the neyative 
peak is reached, where it again reverses and increases 
{assuming a sine-wave signal). On strong signals with 
high percentages of modulation {over 79%), however, peak 
clipping may occur. The clipping effect is produced by 
the inability of the diode to conduct when the plate be 
comes negative with respect to the cathode. Even with 
the unmodulated carrier signal, noise effects produce con- 
duction in the diode and provide a small residual average 
d-c voltage which makes the cathode positive with respect 
to the plate. Thus, on the negative peaks of the modulation 
signal, with large signal swings and percentages of modula 
tion between 80 and 100 percent, the output voltage is 
driven to zero, the extreme portions of the negative peaks 
are clipped off, and the output voltage no longer follows 
the modulation signal. With improper design, this distortion 
can be as great as 10 to 12 percent; the practical diode 
detector, however, is not operated at levels which produce 
such excessive distortion, and a nominal value of 1 to 2 
percent is maintained. 

The diode detector is also subject to a reduction of 
Output at the higher audio frequencies (above 10 kc) be- 
cause of the capacitive shunting effect of C2 on load re 
sistor R. Note also that when the reactance values of any 
of the detector bypass capacitors become low for the fre- 
quency of the modulation signal being detected, Fl and 
R2 are effectively connected in parallel, reducing the load 
resistance and output voltage. The same effect holds true 
for the resistance-coupled load of the amplifier stage fol- 
lowing the detector. When the reactance of the coupling 
capacitor becomes ¢ low-resistance path for the audic 
signal, then the grid input resistance of the audio stage is 
effectively in parallel with both Rl and R2, and the reduc- 
tion in output valtage is particularly noticeable at high 
gain settings of the volume control. This a-c shunting of 
the diode load is taken into consideration in the design, 
so that normally no effect on operation is noticed unless 
parts values have changed. 


FAILURE ANALYSIS. 


No Output. A no-output condition is usually limited 
to an open or short-circuited component or a defective diode. 
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With an open input transformer, stray capacitive coupling 
may feed enough signol through to produce an output. With 
an open diode Joad resistor or a short-circuited bypass 
capacitor, however, no output will be obtained. Usually, 
a resistance analysis will quickly locate the defective 
component. 

Low Output. Lack of sufficient input signal will 
cause a low output, and could be due to poorly soldered 
(high-resistance) joints or to a defective input transformer. 
Low tube emission may also cause a weak output, although 
it usually shows up as a fading signal on a strong local 
station. An open load bypass capacitor will reduce the 
output, as only the average current flow through the load 
resistor will now produce an output. A lack of r-f or i-f 
amplification preceding the detector can also cause low 
output; therefore, it is necessary to isolate the detector by 
checking with a VI'VM for adequate input and output. 
Since no amplification is produced in the diode detector, 
but the detection efficiency is high, on output indication 
lower than 10 percent of the input indication would be in- 
dicative of possible detector trouble. 

Distorted Output. Since diode detection is linear, 

a distorted output signal usually indicates component 
changes. Amplitude distortion is a definite indication of 
nonlinearity in the detector, provided that the input signal 
to the detector is linear. Lack of high audio frequency 
response would be directly traceable to excessive selec- 
tivity, caused by regeneration in the preceding i-f stages 
ar to excessive capacitive shunting of the detector, purti- 
cularly in video applications. Distortion at high volume 
levels with a strong, heavily modulated local signal would 
indicate normal peak-clipping effects. Poorly soldered 
(high-resistance) joints can be suspected when component 
values and tube emission are normal. Fringe howl or a 
tendency toward oscillation would indicate a lack of r-f 
filtering. Because of the simplicity of the circuit, an 
oscilloscope waveform check should quickly Jocate the 
trouble. 


DIODE DETECTOR WITH AVC. 


APPLICATION. 

The diode detector with AVC is universally used in 
broadcast, TV, communications receivers, and other high- 
gain supetheterodyne circuits to provide autometic gain cr 
volume contre] with detection, in a single tube or envelope. 


CHARACTERISTICS. 

Operates linearly over a large range of voltage. 

Input impedance is relatively constant and independent 
of the input voltage. 

Does not amplify the input signal. 

Maximum distortion is of the order of ]-to-2 percent. 

AVC output voltage varies directly with the amplitude of 
the input carrier. 
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CIRCUIT ANALYSIS. 

General. The diode detector with AVC is identical to the 
diode detector without AVC, except for the circuit arrange- 
ments provided for AVC take-off. Discussion of the opera- 
tion of the detector in stripping-off the moduiation from the 
carrier is covered completely in the discussion of the 
Diode Detector earliei in this sectiun of ie Handbook. The 
reader should refer to the previous discussion for proper 
background before proceding with this discussion, 

Circuit Operation. The schematic of a typical diode de- 
tector arranged for AVC take-off is shown in the accompany- 
ing illustration. 
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pacitor Cc to the following audio amplifier stages. 
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is to the grids of the preceding stages it is clear that there 
must be no extraneous modulation or RF on this lead. 
Otherwise, both the audio and RF components could again 
be amplified and re-detected causing pistorsen and un- 
wanted feedback. ‘l'herefore, Rl and Cl and C2 are con- 
nected as a conventional low-pass filter in series with the 
current flowing through R3. The output wavetorm at point A 
consists of the d-c and r-f component as shown in the ac- 
companying waveforin illustration for an unmodulated 
cartier for ease of discussion, The instantaneous rf 
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carrier component (ecar) is bypassed to ground panecally by 
Cl. During the positive portion of each carrier cycle C2 is 
charged through RI, and during the negative portion of the 
carrier signal the capacitor tends to discharge. The result 
is the heavy curve labelled Eo. The average value of pul- 
sating valine Epc is the actual AVC voltage. Since 
these pulsations cccu: at :udic frequency rotes, the effec- 
tive voltage vanation between charge and discharge of the 
capaciter is so small as to be negligible. Recall from the 
above discussion that the modulation component of the 
signal is also present, However, when modulated signals 
are detected, these audio mpples are smoothed out by an- 
other low-pass filter consisting of R2 and C3, In this in- 
stance, the velue of the filter time constant are such that 
“ue voltage Eo appears as a straight line (pure DC). 

he time constant of R2 and C3 is made sulficiently large 
so that 1t takes more than a single audio cycle to charge or 
discharge. Although this increase of time constant pre- 
vents an instantaneous change of AVC woltage for an in- 
stantaneous change in carrier level it is usually satisfac 
tory for most types of fading encountered. Particularly, 
since decoupling RC networks similar to R2 and C3 are 
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Distorted Output. If the values ct C2 chanied 
sufficiently to produce the wrond time constant, e:tner too 
fast or too slow, distortior, would occur. Likewise, ii tne 
emission of V1 is so Jow as nct te supply the full peak cur 
rent demand, distertion caused by clipping will also eccur. 
Replace the dicde with a known good tube and cneck the 
values of C] ana C2 with an ino it capacitance checker. 
A change in the values of KZ and C3 will cronae the attack 
time of the AVC Icop but will net caste cause distortion. 
However, if C3 sroulc short-circuit, the AVC voitece would 
be grounded out and tne stases preceding tne detector would 
operate at maximum sersitivity, anc probaply ccuse over- 
loading witr, consequent atsiorticn. 
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DIODE DETECTOR (WITH NOISE LIMITER), 


APPLICATION. 

The diode detector with noize limiter is usually used in 
radiotelephone reception tc prevent noise pulses from inter. 
ferina with, or carblina, voice transmissions. 


CHARACTERISTICS. 

Operctes linearly over a larse range of voltaqe. 

Input impedance is relatively constant and independent 
of the input yostage. 

Does not amplify tne input siqno.. 

Noise peck= are clipped without excessively increasing 
the distortion. 


CIRCUIT ANALYSIS. 

General. The: dicde detector hh noise limiter is 
identical in operstion. with tne Diode Detector described 
earlier in this section of the noc, except fer wh 
noise limiting circuitry. 7° rould refer tothe 
previous discussicn for proper background before proceeding 
with this discussion. 

Both shunt and series types of neise limiters cre used. 
The series type continually conducts but < sticks conducting 
when a noise duise ctrives, and thus leaves co cap in tne 
signal in place of the noise pulse. The shunt type noise 
limiter conducts only wher. the noise pulse exceeds a pre 
determined hice level, shertina the input to around, and 
also leaves a veid ir the simal. Since these noise pulses 
and consequent viqnal heles are of short duration, the in- 
tegrating effect of the ear on the sour? minimizes this 
effect. In most practical noise Liniters, the limiter becomes 
effective at around the 85 percent modulction level, so that 
subsequent peck flattenins « some distortion and « 
slight loss cf auiio volume. The voice, however, is under- 
standcble throuah heavy noise interference, which would 
otherwise completely mask or qarble the intelliaence being 
transmittec. 

Circuit Operation. Tne schematic of a typical dicde 
detector with noise limiters is shown in the accompanying 
illustration. 
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C2 and R4, OS is for most 
duction of dicde Vis steppet ant ne cutout appears fa 

hole occurs in the output: Thus the nc D1Ke is chopped 
off the detector wavefcrn, 
short time, the in 


sf tre noise burst, cons 


x 
unnaticec. 
og cf time or fs 
oy be noticed, 


foirly 


at occurs for : 
dicuie, i 


short noise pi: 


effective. 

Note also that when the ay pees naise bursts occur 
the negative volte ie ct point 4 
fed back os a. AVL 
alata wills 


Ann or 


» ¥2is connecter: 


A Ne yitivye © 


late voaltave 
Ne Yotaqe, 


which 1 ape: 
nected across 


appears ani i> of 
of Yi more neastive thas 
ducts and the —- peaay 
a vie ¥ 3 ond res: 
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component prodicea by A 
affectec. Consequently, the 
stantanesusly increare for decreas 
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effectively 


the noise spike fromthe <i 
hen is not fea 
he fixe tice loyel Popeye 


noise i3 consideraziy recuced iy tie: THIN 
tion, the sh.ntin; et : 
temnorarily ree 


petformance. 


FAILURE ANALYSIS. 

No Output. Amy oon circuite sc 
dition as well as Jefective dipeiaw con 
auto 


but none atch ar 
cotes that 


check mo 
gt Lontsut are, kent ue pepe 
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instead 


will not rormelly pre sce 
will preduce a low stp. : 

Low Output. A anes 3 mth nyo! the detector output 
through diode V2 cer cceur i rorted, if the nea 
tive bias supoly vcltcre ! 7 RE crhonse in value, 
or if capacitors 22, [3, er C4a T shorted or sah 
The capacitors -.ay he checked ‘nr a 
ohmmeter cr an in-cireuit cepacitance 
resistors can pe che: ae ans 
defective, the outout w “ll Sratas v be ver sane dis- 
torted, depending upon the strey capacitance in the circuit. 

Distorted Output. Since in normel operation the noise 
limiter effectively eliminates a noise sisacl, it is evident 
that the output waveform will clways | i 
input waveform to a certain extent. 
torted output will oracticclly clwavs be chtcined, T: 
gree of the distcrticn cenerds unen tne design of the cir- 
cuit. Theoreticclly, the limiter shoul¢ opercte only on 
noise pulses which cre larder in arplitude than the signal, 
however, most practical circuits start operating eat abort 
the 85 percent modulation level. tence some peck clip- 
ping of the signa: usiuclly securs anc causes distortion on 
the modulation peaks. In normal operation, a slight amount 
of distortion will be noticed and the strength of the output 
signal will drop noticeably when the noise limiters are 
activated. Follow the signal through the circuit with an 
oscilloscope and notice where the distortion occurs. Fur- 
ther resistance checks of the associated parts with an 
ohmmeter will usually locate the defective part. 


tive noise el ation. 


GRID-LEAK DETECTOR. 
APPLICATION. 


The qrid-leak detector is used in simple two-or-three 
tube receivers, sucn as the recenerctive tyoe. Since this 
type of detector is perticularly susceptible to overload and 
distortion at high levels of modulation, it is never used in 
modern high-gain superhetercdyre receivers. 


CHARACTERISTICS. 

Is self-biased by a grid-leak, 

Provides good sensitivity with increased signal acin. 

Operates as a square-law detector for small signals 
and as a linear detector for lerqe signals. 

Is subject to overload and blocking effects on strong 
signals. 

Although it produces a relatively !orqer output voltage 
than other comparable AM detectors, it is subject to more 
distortion. 


CIRCUIT ANALYSIS. 

General. The qrid-leak detector, basically, uses ¢ 
triode electron tube, and is considered to operate similarly 
to a diode detector with the added advantage of triode 
amplification. Although pentedes have been used to pro 
vide additional sain, the triode with « low plate voltage is 
usually preferred because of a reduction in tube noise and 
distortion. In operation, the arid and cathode of the 
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mi enthede of the 
ously in this 
= he dec bias preduces by car- 
ed mecdulsticn cpeecr 

e qticeleck, ond the 
form inthe plate of the 
in the arid cirou't it is 


triode opercte similarly to the an 


conventional dicde cetector { liscusced or 
\ 


section of the Ecnaheck} nce? 
tier rectification c 
across an RC network known: 
modulation appears in amclitied 
triode. Since the detection oc’ 
known as gtid detection. 2ec the developed arid bias 
is automatically contrelles by the corre: smplitude, the 
gtid-leak detector operstes Gver o wide rance 3f input 
voltage. On weak signals it opercte= near zere hics and 
uses the curved lower pertior of the crid-current, aic- 
voltage characteristic to provice can outout which varies as 
the square of the input signal, and is known cs non-linear 
(square-low) operation. For lerse signals and large self- 
bias it operates over the linsar portion of the charccteristic 
curve. When overloaded by extremely strona signals, the 
bias reaches cutoff and conduction occurs for only part of 
the cycle, and the peak= are clipped, creatine excessive 
distortion. The detailed operation of this detector under 
different conditions is discussed in the following para- 
graphs. 

Circuit Operation. The schematic of o typical grid 
leak detector is shown in the accompanyina illustration. 


R-F 
INPUT 


Basic (Series) Grid-Leak Detector 


The t-f input is applied through r-f transformer Ti, and 
the grid-leak network consisting of Blend Clare connected 
in series with the wid of Vi ond the cutput of T) secon- 
dary, while the ccthode is qrounded. In the plate circuit, 
Ttesistor R2 is the plate load, ond is isolated from the plete 
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rf ey, ae : : 
STO small 
mee to wt asc smint ier se append. 
ing in the plete circuit 
the amplif 
and is app 
voltage blocking cupaciter Ce. 
In the absence cf en input =i 
biased by arid-lesk re: 
bias. In this condition, orl, 
across Rl by atic c:. 
negative. Thus Vl: 
positive and ne ve tid 
detection. The accamnenyi 
demonstrates now the curvature cf 


stie voltage cheracteristic 


and procuces amplification with distortion. 


Airsetidn Ge tes: 
tor Cl is charse 
On the nesativ 
the capacites f 
cathode resistance which 
qrid-leux. i 
teristic curve, thenositive excurctans are larcer than the 
negative excursions. Therefore, s siowly increasing 


ned as the sianc! 


BE SL SRN 
is reduced and 


Toahthy the 
lower than the ee resistance 
ie 4 


@ Cutveture of the wid charac 


A Ti tatm 


Seu! 


mat 


average ¢ fal current is 


tises, and tii 
modulation cecretres, sre as 
envelope. Thre Je. ce: S onstuin vel* 


ie 
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which vcries at the cudio rete of the modulation arcund the 
negative dias level produced by the constant amplitude 
carrier pulses. Since tre wid of ¥icortrols the creration 
and plate current of the triode, the ch, voltage 
produced by the detected siqnal causes an identical but 
amplified plete current flict sation. As this plate current 
varies in accordance wits the: : ikon 
amplified voltage is 
R2. This is the cutio output ee 
through Ce to the following a ares fii state. Because 
the r-f carrier voltae sppecis between therrid and the 
cathode of Yi it ; ‘i 

fore, there is an ai plate o yoltqre whi 
be eliminated so thst it can not eqice BPUEeNS neat 
the modulated signal, or sinwarted 
within the tube. This is the functi 
t-f choke Bee a 
frequency, while cane 
shunt path to ground. Kence, the r-f component is 
passed around the locd resistor snd power scr, 


no effect on circuit o: 


Oe 3s 


papi Hallaney lain Pape 


Moving ducio frequency current component 
load resistor F2, ‘ ws 

quency output volte 

For large siqnuls, the evercue currier amplitude also 

rises, so that the grid is bicsec corsiderahly neactive, 
and only the positive excursions cf t-f voltate on the input 
signal are effective in causing grid current flow. In this 
condition the detector operaticn is similar to a helf-wave 
rectifier, and operates as 7 + linagr deractor, i 


signal excursions produce « a renet: 
grid leak by ct ; Te 
signel ee , : s V1 
tive so that the tube apauetes § or a alt eels or tue, Bo 
cause maximun. moculatien pecks produce maximum neqa- 
tive grid volta.e, the Glute current of Va is 
modulation. lhe recuction of clate current occurs at an 
audio rate and produces 2 corresponding aucio output. As 
the current thrauqh ietectar output load recistar B2 ped: 
the voltage across it end the outout 
waveforms illustrat 
signal detectinn characteristics, 

ite. linear arid detector is also known as 9 atid-leak 
power d aIRe Why Tn Ges 


} 
if 


aes sa the erefe 
greater overall! ce ng ; 
leak values are recuced to prevent excessive 


and the input sieral and the cctecter c 


creased to provide acrecter aitout, Thun thes Marerec foe ot 
signal produces operation over ¢ laraer etout veltare 
swing, producine ¢ crester cutout volteae wits less -verali 


distortion, 
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° {NPUT 
VOLTAGE 


GRID 
VOLTAGE 


PLATE 
CURRENT 


PLATE 
VOLTAGE 


=—e 
TIME 


Large Signal Detection Characteristics 


of carrier veltage, grid current flow yes tne wid capeci- 
tor negatively. Curing the cext negctive half cycle, some 
of this accumulated charce lecks off throuth the srid-leak 
resistor (which is comn: ; Zl, 
during the next positive swing. Thus ena current can only 
flow for a smal! portior. cf the pevitive evele. In the aimall- 
signal grid detector, however, aria current flows continucus- 
ly, since the qrid is never driven sufficiently negative 

to reduce qrid current ‘low te zerc. \inder these conditions, 
the charge on the qrié capecitor lecks off through the ir- 
ternal grid-to-cathode resistance, which is much lower 

thon the high value of cri i oak regicn i. Tn the 
large signal power detector t:.e aridstoreate hode resistance 
is practically infinite durin: most cf the cycle hecause 
grid current is cut off}. Operation of both detectors is 
essentially the same vm in the waveform illustration 
for the small sianel setects: thet t: tid axplitude 
of the large signa! detector i is greater, and the grid current 
cut-off point corresponds to the value of bias cevelopec hy 
the carrier sicncl. Wheres in the small siancl detector the 
grid bias is always less than «rid-current cutoff. 

As in all electron tube empliiiers, te plcte-current, 
gtid-voltage characteristic curve is linear up to the point 
where saturation begins. So that both the lower and upper 
tegions of operction are curv Tf the Lorce stanal power 
detector is driven sufficiently, the bend onthe -pper 
portion of the curve will also c clate rectificeticn te 
occur. Thus second and third ncrmenic distertion com- 


replenisned 
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ponents will be oreduced ar? the overall tetecter cistortion 
will increase. It i that the charge and 
discharge of the yrid-lec: wo the sisnal emplituce 
during large siqnel ; cetection, othervise, blocking cand dis- 
tortion will occur. “ith proper choice of arid-leak constants 
(which is inherent in sos: ies vin ateguate clate 
voltage which does not exceed tube ratings, the distortion 
can be kept to low values almost equivalent to that of the 
diode detector. If the input sianal is reduced to a very 
small value, the larce siqnal power detector merely operates 
as a small-signal, square-lav: detector with o low output 
and the advantages of power detection are lost. 

The schematic of a typical shunt srid-leak detector is 
shown in the accompanying illustration. Components are 
symbolized identical to, and operate exactly cs explained 
for the series grid-leak detector discussed above. This 
circuit is generally used for the power type detector be- 
cause slight advantages are claimed for avoiding blocking 
effects. The shunt grid resistor provides more loading on 
the tuned r-f input circuit, however, and produces a reduc- 


tion in selectivity. 


PUT 


i 


Shunt Grid-Leak Detector 


FAILURE ANALYSIS. 

No Output. An open or shorted ari or plate circuit, a 
defective tube, or cn open coupling caracitor, Ce, can cause 
loss of output. Mecsure the plate supply and plate voltage 
with a high resistance voltmeter. Normal plate voltage 
indicates that load resistor RZ and the RFC cre probably 
satisfactory and that C2 is not shorted. Apply a modulated 
signal from a signal generctor to the input terminals of r-f 
transformer Tl. Use a VTVM, electronic voltmeter or an 
oscilloscope (it must offer high impecance so cs nat to 
load or disturb the circuit operation} connectec between 
grid andground, to determine if the input signal produces a 
slight negative bias and if a signal is present. If no sianal 
is present, Tl is defective. If the detected signal can be 
observed in the grid circuit but not in the plate circuit, V1 
is defective. If the signal is present in both grid and plate 
circuits but no output exists, check coupling capacitor Cc 
for an open circuit. (Use an in-circuit capacitance checker), 
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Low Output. Low plate voltage, o Jefective tube or too 
weak an input will each cause a reduced output. The weak 
input signal may occur hecause rf transt 
tuned toresonance. If TJ will not tune to resonance, 
either the signal frequency is out of range or Tl is defec- 
tive. When in doubt, apoly c modulated input frem a local 
signal generator and note that the signal peaks in inte 
as the resonance point of Tlis reachet. [f this occurs but 
the desired signal is still weak, additional r-f amplification 
or a better antenna are required. If the signal cererator 
cannot produce a strone output, the detector is probably at 
fault. Check the plate voltace of Vi; if the plate voltone 
is normal, either V1is defective or output coupling capaci- 


ae nartiall. mene T a ee oes nes 
tor Co is leaky or partiaily open. Tf the plate VOutG je 


stmer Tl is nnt 


is not normal but is lewer than usual, 2 may have changed 
value, the rfc may See ane f a high resistance, or CZ 
may be leaky or shorted. 
resistance of R2 an! Use h 
C2 to grounc. Rerlace any part which kes a re 
higher or lower than that specified in the feennteal neue 
forthe equipment. If the detector seems to be operable but 
the receiver output is low, it is possible that the audio 
stages following the detector are at fault, and not the detec- 
tor circuits. To check the cudio staces, use an audio 
signal generctor and apply it to the output stage plate, 
then to thegrid and note if the signal increases. Follow 
this procedure back tothe detector to locate the defective 
audio stage. 
Pees Ss ina 


too high a plate re eras a eae of low emission 
from Vi. Jf replacing the tube with a known good one does 
not eliminate the distortion, check the plate voltage with c 
high resistance voltmeter. If the plate voltage is normel, 
check the value of Rl and C1 with an chmmeter and capaci- 
tance checker. If thearid-leak components are within 
tolerance value and distortion still occurs, it is possible 
that the input sional is too strong and overloading is caus- 
ing the distortion. Ii is also possible that Tlis only tuned 
nedr resonance and the sidebands are heing coped, Tune 
Tiproperly, and reduce the inpz:t signal, if passtble. 


PLATE DETECTOR. 


APPLICATION. 
The plate detector is used in omall receiv: 

power detector. 

supply a large audio output, 


moder = nethetorcd.: a 
MOGI, SUperncicrsey ec, AO CGnnSt VE Get 


oO 
ae FOCUS 
ft 


simple AVC voltage. shus, itis usual more ec conomical 
and simpler ts use auise 
is, however, exten 
vacuum tube voitm 


ptpintne 
GUE 


Pe | 
similar test equipment. 


CHARACTERISTICS. 
May use either self-or fixeri-bice {self-bias is most 
prevalent}. 
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Operates as a linear detector for lorie sicnals, 
Is normally operated with large input sicncals as a 
power detector. 


Distortion is considered tobe slightly lesstnon that 
of the grid-lecx detector, and not better thanthe dicde 


detector. 


CIRCUIT ANALYSIS. 

Generol. The plate detector usually operates clase B, 
that is, it is biased tc plote current cutoff, and for this 
condition it operates as a larne sianal linear detector. 

When used for small siqnals, or ce the detector of ¢ vacuum 
tube voltmeter it operates on the lower curvature of a clas: 
A biased tube characteristic, end rs a sonore fav: cetectnr. 
In the plate detector there is no rectification of the siqnal 


Th 


re Be othe ale aris 


frithe gridiariauits 
voltage to vary the tube plate ey croducing both emcli+ 
fication and detection. Letecti 


“fthe signal ‘the 
he to conduct, wrile the 


BGs 


plate detector because only 
positive portion) causes the t.: 
negative portion rem below cuteff and hes no effect. 
Thus the plate output varies in cecordance with the rf 
envelope of the modulated carrier as shown in the accompa- 
nying waveform for linecr cetectisn. The squore lew ce 
tector operates over both the positive ond neaative vari- 
ations of the input signal. Because of the curvature of the 
tube @g/ip characteristic for 7‘! ingut siancls, on 
amplified but distorted net a itresults, The large 


nositive arid ov es ere 
PYSAIVES Grits Ae Ba coe 


the smaller neqative ¢ $" 
grecter during egeesieles then 


the cveraqe output is 
Jation, ss shown 
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I MAX 


———t— — — ¢-- 4-—- Ff - 


GRID VOLTAGE 
{ ‘i 4 


Square Law Operation 


Since the output varies as the squere of the input 
signal, at 100 percent modulationthe meximum distertion 
can be as high os 25 percent. Operating as « linecr detector 
the distortion is considerably less, a= long cs the sianal is 
strong enough to keep it from operatina in the lower curved 
portion of the tube characteristic, and rst so larae as ta 
include operation over the upper curved pertion. However, 
since the eq/ip characteristic curve of a tricde is never 
perfectly straicht but has a sliaht!y -owed apocerance, 
there is greater basic distortion thar in the half-vrave diode 
detector. 

Circuit Operation, The schematic of a typiccl plate 
detector is shown in the cccomosnyirs illustration. 

Transformer TJis the r-f input transformer, with the 
transformer secondcry tuned by CL Cathode bias is ob 
tained from Rl and C2. The plate load P2, is bypassed 
for r-f by C3. The output is capacitively coupled through 
Ce. 

With no signal cpplied, the avereqe bias produced by 
cathode current jlow through Pl holds the srid to plate 
current cut off. Althouch spcxen of as cutoff bics, the 
tube is cctually hiasec to projected cutoff, as shown ir th 
accompanying illustretion. {See section 2, paragraph 2.2 
in this handbook for a detailed exolsnation of cathade 
bias.) Therefore, nevative input simncl excursions occur 
over the curved partion an? procuce some slitht cistorticn. 
Fer full lineor cperstien a reparste and hicher fixedbias is 
always applied cnd the complete necative excursion of the 
input signal is eliminated with = consequent reduction of 
overall distortion. 

When an input sianal is 
the signal incregres the: 
of V1 follows, likewise. 7: 
consists of pulses ef current ct the input 
peak values trace out c curve which varie: 


S 
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applies, the positive portion of 
2 veltave, ant the olate current 
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Plate Detector 


MAX, 


PLATE 
CURRENT 


STATIC 
—------ —--- PLATE 


CURRENT 


GRID VOLTAGE 


CUT -OFF 


Eo 
PROJECTED 
CUT-OFF 


Detector Operation Characteristic 


modulated r-f. Thus the audio frequency component of 
plate current develops a similar plate voltage output wave- 
form across the plate load resistor R2 of opposite polar- 
{ty or phase. Thus at the peak of current, the plate and 
output voltage is a minimum, while at the minimum value 
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of plate current the output voltace is maximum, Ccpacitor 
C3 bypasses any r-f which might cppear on the plate of V1 
after rectification, to avoid feedback through the plate to 
gtid capacity causing oscillation cr unwented bects. In 
some instances, C3 may be bypassed toqrcund instead of 
tothe cathode, this is usually done in receivers operating 
at the higher radio frequencies. 

Normally, no grid current is drawn and the plate detec- 
tor offers anextremely high input impedance with practically 
no input loading. Since the input circuit is not loadec 
down, a slight improvement in selectivity is usually ob- 
served over that of the gric-leak detector, If, however, the 
input is large sab to draw alee current Gionahexcesds 
the bias), additional « onthe ¢ 


turers’ the uoperipert 
lowered grid input is ipedance als 
so that the overall) perfor 
leak detector. 


HOPSSCOTM OLS, 


reduces the pa 


ethan for the arid 
tan wor tac 


FAILURE ANALYSIS. 

No Output. An oper. input or output circuit, cr o 
tive tube, as well or lack of a ine ras : will cause 
no-output condition. Check the plate supply and plate 
voltage with a hich resistance voltmeter. No output with a 
normal supply voltage, but with no plate voltane indicates 
that plate load resistor Kz :iuy be open, or that oyoass 
capacitor C3is shertec. Check the resistance of R2 with 
the plate voltate eth and cneck C3 with an in-circuit ccpo- 
citonce checker. i ge is normal but no output 


QQ 


that an input siatial exists onthe see of Vi. If it does 
and no output exists, either cathode resistor RJ is open or 
V1 is detective. Check the bias voltage across Rl with a 
voltmeter. Since bias bypass capacitor C2 may be shorted, 
it.is usually simpler to measure the resistance of Rl. If 


the resistance across Rl is zero, then C2 is shorted. If Ri 


is infinite j itis Open. Also, do nat neglect the possibility 


of a shorted secondary Wading or tuning capacitor Cl. 
Low Output. A low plate voltage, c defective tube, 
or a small input stand will produce a low output. Check 
the supply voltase with a veltmeter. If normal, check the 
plate voltage of VJ; lower thon normal voltaae onthe plate 
indicates tnat mz nas increeses in volue, or tnatan abner- 
mal plate current exists. Check the voltage between 
eee and ape, at it is normal or slicntly iow chee 


fairy mney mitt 


plate voltage oif j. 


ae é t mm mw lage 
2iis detective, or if Cl is mot tuned tc resonance ¢ low 
mM 


output car aise cccur. Tl primary is open, a ROOK 


put signal may still be obtained if there is sufficient 


Capacitive Coupling belween primary and secondary, of te 
Vi grid. In this case, while Cl will tune through reso- 
nance there wil! not be the normal large build up of output 
signal as the resonant point is passed. If Tl is defective, 
aresistance analysis can be made with an ohmmeter to 
verify if the windings are open, but there is also the 
possibility of a short circuit or leakage across one of 
these windings. To determine if Ry is at ee — 
tarily disconnect it i 
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signal through an isolating capacitor direct to V1 grid. 
A large increase in signal indicates that Tl must be 
defective. The output of « modulcted signal cenerator 
tuned to the input frequency can ne us: 
directly tothe grid of J, if ¢ knovm strong focel signal is 
not available." If the output siqral chtained in this case 
still is weak, but increases corsiderahiy wren ihe gene= 
rator output is applied to the plate circuit, tube V1 is at 
fault. Where all signals fade in and out and tne output is 
low, Vlis usually at fault because of low emission, 
Distortion. Since there is normelly some di 
the Hnecr detector, certiculerly cn stron sit: 
percentages of modulation, there may ne some a 
whether cr not the distortion is normal or exc 
disttition is suspected, check tle plate voltase and 
cathode bios with a voltmeter. Abnormal voltanes indicate 
that the detector is probably at fcult. If, however, itis 
found that tunina Ul eiiminates the cistortior, or that it 
only exists on extremely strenc jals,. tnesdetector ss 
most likely performing normally. ‘shen the Giniprt cn con- 
tinuously occurs with. either weak or strens sianals the 
detector is definitely at fants. Mote, 
strong fading exists it is possible ets se lective srk is 
phasing out some of the sideband frequencies and causing 
the distortion. Suck distortion vith ret ommear ar siansals 
having a steady amplitude. 
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INFINITE {MPEDANCE DETECTOR. 
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frequency receivers where les 
pliec by the cenvertional olate wetecter fs remired, anc 
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light locdine eitects improve sensitivity and selectivity. 


CHARACTER RUICS. 


Uses self-hics, aut con be fixed-biased, if desired, 


Provides yood sersitivi cistortion. 
Operates az a sila be dat ‘or Jerse sianels. 
Is normally overctes: as vtitles pewer detector. 
The cathode output connection orewetits any larqe increase 
of gain. 
Presents a very hich or infinite imnecance te the input 
sical. 
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source. The circuit is always easily recognized because 
of the cathode output connection, larqe cathode resistance, 
and relatively small tf bypass (cbout 252 picofarads}, 
plus the fact that when the plete resistor is used the plate 
bypass is sufficiently large enough for both RF and a:dio 
bypassing (about 0.1 microfarad). Because of the infinite 
impedance offered this circuit does not load the input. 
Consequently, greater sensitivity and selectivity is ob 
tained than with conventional plete detectors. On the other 
hand, it is not as sensitive as the grid-leak detector, but 
the output is practically distortionless and muck lower than 
is normally obtained by either theplcte or grid types of 
detectors previously discussed. If not better, it is at 
least as qood asthe conventional diode detector. The two 
major disadvantages which restrict its use, is that it 
cannot supply a simple source of AVC, and the negative 
feedback through cathode degeneration produces lessthan 
unity gain. 

Circuit Operation. The schematic of a typical infinite 
impedance Jetector in shown in the accompanying i! "ds 
tration. 


R-F 
INPUT 


= 


Infinite Impedance Detector 


Tronsformer Tiis the ref input tr cer, ondis 
tuned by Clin superheterodyne rec T | represert 
the i-f input transformer), Cathode bias ts supolied by 
which is onlybypeszed fer EF hy D2 ac that it is auc 
tative at audio frequercies, “The autnut is tcken from 
across Ri through coupling capacitor Cc. Resistor R2 and 
capacitor C3 form a plete filter and valtaje dronpins net 
work, which recuces the olate voltae and byacrses te 
ground any rf or audio currents inthe plete circuit. In 
some circuits RZis not used, hile in other circuite both 
R2 and C2 are eliminated. In either event, there is no 
change in circuit opersticn. 

By using a lar 
plate current flow throuah this resigtor Jevelors o hich 
bias, Thus, in the < Gasence of an input ; 
plate current ‘lo. se of the cathod 
at plate current cuts Ne Since current flow 
the tube is frais sa wl 
current develope s pcsitive solione e ot ike palit swith 
tespect to ground ond increases the instantaneous bias. 
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2 chosen to offer 
for radio frequer 
for audio rode nies Consequently, the ref sianal deec 
not pass through the load {cathace Fealstor RJ) but the 
audio frequency variations of the modulction on the detect- 
ed signal do. Thus a ee voltaqe is developed 
onthe cathode, which makes the output sicnsl oxplit ide 
always less than the input signal which produces it, Thic 
is a form of negative feedback which places the ontont 
signal in series with the qrid-cathede circuit. Since the 
output signa! appears in opposite pclority tothe input it 
helps cancel a portion of the input siqnal, elimiantes 
distortion, ond improves linearity. ‘See Section 6 of this 
Handbook covering Feedback Amplifiers for a complete 
discussion of inverse or degenerative feedback.) Because 
of the degenerative feedback inherent in a cathode output 
connection, the output sisnal amplitude can never exceed 
the input signal, ond the cain is always less than unity. 

Another result of the feedback ection is to prevent the 
flow of grid current. The increcse of bias with increase of 
signal ensures that the input siqnal never exceeds the bias, 
hence grid current will never flow. Thus the infinite imped- 
ance detector always presents a very hiqh (infinite) imped- 
ance between gric and cathoce, and produces no load on 
the input circuit. Consequently, there is no shunt load 
across the secondery of T} cand Cl, and the selectivity of 
the tuned input circsit depends orly on the Q of the tenk 
circuit. Thus better selectivity is obtained. When the 
input signal reduces in amplitude, the decreased crid 
voltage produces « reduction of plate snd cathode current, 
accordingly. Since cathode resistor 8] is not bypassed for 
audio frequencies, the instantaneous audio current vari- 
ations through Rl develop an output voltage which varies 
with a modulation envelope of the received sicna!. The 
process is practically identical to that of the diode detec- 
tor discussed previously in this section of the Handbook, 
since only the positive portion of the input is effective cs 
shown in the accomponying illustration, (the negative 
portion is biased off). 

With a large input signal the circuit clways operates 
over the straight (linear) portion of the plate current-arid 
voltage characteristic. Since plate locd resistor RZ is by- 
passed by C3, any instantaneous r-f or audio current vari- 
ations are bypassed to ground, amd tre plate voltege re 
mains constant regarcless of cathode current fluctuations. 


M hayt net 


FAILURE ANALYSIS. 

No Output. An oven or shorted input or outaut circuit, 
lack of plate voltage, or a defective tude can create a no- 
output condition. Check the supply voltaae with a hich 
tesistance voltmeter to determine that the fault is not in 
the power supply, and then check the plate voltage. No 
plate voltage indicates possibility of R2 being open or C3 
being shorted, Check R3 for proper resistance with an 
ohmmeter, and C3 for a low resistance to ground. Check 
the cathode bias voltage developed across Rl. If no bias 
exists, either Vlis defective, Rl is open, or C2 is shorted. 
Check Rl ond C2 with an ohmmeter. If normal 
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Detection Characteristics 


plate and cathode voltages exist use <¢ VTVM to check the 
grid input voltage. If no aric sisnal voltcae is found, make 
certain that Cl is set to the proper freq:ency for the de 
Sired innit sig 
tor continuity with on ohmmeter. cn imout sional exists 
on the arid of V1, cher 

certain it is not open ise 


al, and Sf still na feput ovicts, check ‘T) 


checker). 
Low Output. A weak input siqnal can cause a low 
Suton’, A low emiesionrtube ugectiycauses erratic fading 


on all signals and a low output. Low plate voltage will 
also cause ¢ reduced output. Check the plete and cathode 
bias voltanes. If the plate valtace is low with a normal 


supply voltage, 


cased resistance 


value and C3 for a c ¥ or leaky condition. If 
the cathode hice ic In : =] maw beywe chanaed vat: 2. | (3 


ting Fi with a low value of re 


sistance, ci may be weak because of low 


emission, Check RI with om ubmumeter and C2 for leakage. 
A weak input signal can ciso be caused by defective r-f 
transformer, Tl,.cr by & defective cr mistuned tonk tuning 
capacitor, Cl. If there is any change in signal as Cl is 
tuned, the tuning cepaciteris orohably satisfactory and 
thepriman of This echoulymuen. ‘Chesk "TH for-conti= 
nuity with on onmmeter. If the transformer continuity is 
complete and weak sigma!s still occur on a known local 
signal, there is sul the i 
shorted. 
Distortion. : 
noted for its fideli ty anc cee k of dis 


that noticeable distertion i indicate: 
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law detection with its high distortion products will result 
instead of linear detectior.. Distortion accompanied with a 
low output can also be caused by a defective tube. 


REGENERATIVE DETECTOR. 


The: reaenerative detector is ised in simple cre or two 
tube receivers, particularly in the hich freque i 
where normal r-f amplifiers do not pro: snchain. It is 
mostly used for 2h ani yoice 


ty 


CHARACTERISTICS. 


USSSA qrimaleastente aaa Avice Te alanine SETI Moe 
from plate te tric, 

Hos better sensitevity chem av son-reaenorative 
detector. 


music anc, fos ete ue ren uses for yoice and TV 


(code) reception. 


CIRCUIT ANALYSIS. 

General, The resenerative setector utilizes the bith 
sensitivity of a qrid-leck Zetector, torether with the in- 
creased amplification afforded hy renenerative feedback to 
provide o unique detector with extreme sensitivity and hich 
sain. Since i 
fevel is}. 
selectivity o 


ic ahtaines 
1S GOWoIned,. 


ey begets 
Gib ators 


, a narrow bar 


hug, en 
modulated sianal are efte 
lectivity of the order of 
restricted in use moinly to comm: 


ite? he Hence, this sjircuit is 


ations cpplications 


involving only voice ion, 
There are a number «=f circuit variations, most of whien 
involve the metnod of controlling the reyenerative feedhack. 
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Regenerative Detector Circuit 
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ductively coupled to L2, and consists of a few turns 

wound in the same direction as those of the secondary coil 
and located at the ground end of the secondary coil (L3is 
called the “tickler” coil). Variable capacitor C3 is con- 
nected in series between ground and tickler coil windina 

to control the amount of regenerctive feedback. The radio 
frequency choke, RFC, and capacitor C4, form a low-pass 
filter which bypasses any r-f compenent in theplate circuit 
to ground. Capacitor C2 and resistor Rl form o conventional 
parallel qrid-leak arrangement. The audio output is applied 
to the primary of transformer TJ, used to provide a step-up 
in output voltage between primary and secondary. Although 
any other method of cudio coupling may be used, the 
transformer is usually used because of the large output it 
produces in comparison with other types of couplinc. 

Initially, the circuit rests in its cuiescent condition 
with no signal applied, and draws heavy plate current he- 
cause only contact bias is supplied by Fl (see Section 2 
paragraph 2.2 in this Handbook for a complete explanation 
of contact bias). We shall also assume that feedback 
capacitor C3is set to the middle of its rence and offers a 
low capacitive reactance to around. Tickler coil L3 is 
fixed-coupled to L2, and wound so that both grid end plate 
ends of the winding are of additive polarity. 

When an input signal is applied to Lj it is inductively 
coupled into the resonant tank consisting of L2 and Cl, 
The low reactance of the grid-leak capacitor, in turn, allows 
the tank signal to appear at the crid of V1, across Rl. On 
the positive half cycle grid current flow is increased, and 
capacitor C2 is charged negatively as shown by the polcrities 
and current flow arrow on the schematic. Thus as the siq- 
nal rises in a positive cirection the negative grid bias on 
Viincreases. This negative atid bias increment decreases 
plate current flow because of control arid action within the 
tube. In the quiescent condition, plate current flows 
through the tickler coil winding in such a direction as to 
produce a polarity similar to that of L2 across L3. Thus 
the plate end of the tickler is negative when the grid is 
positive. Since, in the absence of an input signal there is 
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a steady unchanging flow of plate current, the field built 
up around L3 remains steady ond constant so that no feed- 
back voltage is induced into L2, iihen the input sianal is 
applied, however, the reduction of plate current with the 
increase of grid-leak bias produces a change in the lines of 
magnetic flux cutting the two coils, ond c feecback voltage 
is induced in 2 by the current change in L3. The recuction 
of plate current causes the field cround L3 to collapse and 
induce a voltage of opposite polarity to that normally pro- 
duced in the increasing current direction, Hence a posi- 
tive voltage is fed back to further activate the grid of V1. 
Since the input signal and the feedback voltage are of the 
same polarity they add, and produce a still greater necative 
qrid bias. The increased bias, in turn, causes a further re- 
duction of plate current, and a larger feedback voltaye. 
This cycle of signal build-up by regenerative feedback 
continues until the input signal amplitude changes. As the 
amplitude changes, the feedback action follows. That is, 
as the signal increases the feedback increases, and as the 
signal decreases the feedback, likewise, decreases. With 
feedback, the combined signal value is clways greater than 
without feedback. Thus, weak sicnals are greatly en 
hanced and the sensitivity of this type of detector is 
greater than for non-reqenerative types. 

On the negative half-cycle of input sianal, the flow cf 
gtid currert is reduced, and a small amount of the charze 
on capacitor C2 leaks off toqround through qrid-leak Rl. 
Therefore, the atid bias on V1lis reduced and an increased 
plate current flows. The increased current flow is in the 
direction of original (quiescent) current flow and produces 
a feedback voltage of negative polarity, which adds to the 
negative signal voltage on the grid. This reqenerative 
build up in the opposite direction during the negative hclf- 
cycle of operation is limited to a value less than zero bias, 
since the tube is operating on the lower berd of the 
characteristic transfer curve. Hence the positive and neca- 
tive swings developed across the primary of audio output 
transformer TJ are unequal and distortion is produced. 

The accompanying waveform illustration shows the re- 
lationships between the grid and plate voltages and cur 
rents. The dotted lines in the waveforms indicate the build 
up of signal by regenerative action during the positive 
half-cycle. When the input voltage increases, the secondary 
voltages increases and is further enhanced by feedback, 
while the detected signal produces a grid pias which in- 
creases and is further enhanced ny the feedback. The 
plate current, in turn, is progressively reduced, while the 
plate voltage increases. The changes of plate current cecur- 
ing at audio frequencies in the primary sf T1 incuces a 
similar output voltage in the secons 

When the capacitance of feedback capacitor C3is in- 
creased, the reactance to cround is reduced and a sreater 
rf current flows throuck tickler coi! L3, end produces c 
larger feedback voltage. As lonq as the feecback is kept 
below the point of oscillation, mcximum amplification is 
obtained. Once the feedback becomes arect enough to 
drive the grid to cut-off anc beyond, the tune conducts only 
during the peak of tne signal and for less than a nalf cycle 
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caused by modulation and occurring ct sucio frequencies 
appear in the tronsformer primary, and induce on output 
voltage in the secondary. 

When voltage is fed back from the plate to the grid cir- 
cuit, the result is to effectively reduce the losses in the 
grid circuit. Since the Q of an inductance ‘s the ratio of 
the reactance to the resistance in the circuit. It is evident 
that when the r-f resistance in the circuit is decreased and 
the same reactance exists, a higher C results. Thus, with c 
higher Q tank circuit resulting from jeedbacx, 9 greater 
selectivity exists. This improved selectivity makes for 
sharper tuning, and will cut off the ciaher medulction 
frequencies in wide-band transmissicn such as is used for 
music at broadenst freauencies. At hich fremiencies, 
however, the Be bans are @ much amnglisr percentage c: 


and ales voice teception is peo at aly excessive 
distortion. Since code tronemissions occupy a very norrow 
frequency spectrum of one thousand cycles or less the in- 
creased selectivity of the tuned circuit during feecback is 
not sufficient to affect coce reception. One of the majer 
disadvantages of this circuit for Military use is that, when 
oscillcting it reradiates and produces 2 lov powered Cir 
output; which, besides irterferring with nearby receivers 
tuned to the same frequency, offers c convenient mecns for 
the enemy to locate the source with direction finders. This 
radiation can be eliminated by use of an r-f stage between 
the detector and antenna, which acts as a buffer staqe 
when properly neutralized. 


FAILURE ANALYSIS. 

No Output. Lack of or input sional, locs of plete volt- 
age, an open or shorted input or output circuit, or a defec- 
tive tube can result in o loss of output. First measure the 
supply voltage with a high resistance veliiceler to mcke 
certain that the supply or a blown suppty 
fault. ‘!hen measure the plate voltage to cround. tf the 
plate voltage is normal, plate circuit components C3, C4, 
RFC and the primary of Tl are not at fault. If removing 
and teplacing the tube produces o click in the output device 
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circuit. Turn regenerationcontrol C3 past the past where 
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yout finger. Ac tick tr the aiid ir mies the circuit ic 


oscillating and that the tube and feedback cortion of the 
circuit are A pesits a. If there still is no output, the input 
coil is probably op nor shortec. Use an onmmeter to 
check the inp j 


the possibi aes 


to sbaneet mae antenna or sie output of a siqnal renenator 
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defective. An infinite resistance when measuring across 
Tl, RFC, or L3, indicates an open circuit. 

Low Output. Low plete voltace, a defective tube, or 
partially shorted or open parts can ccuse c reduced output. 
If the plate voltage is low, check T1 primary, the RFC, and 
coil L3 for high resistance soldered joints and partially 
open windings, as indicated by a high resistance readin 
on on ohmmeter. Also check C3and C4 for leakage to 
ground with an in-circuit capacitance checker. If the plate 
voltage is normal but the output is low, check the second- 
ary of T] for continuity with an ohmmeter (if sufficient 
stray capacitance coupling between primary and secondary 
windings exists weak siqnals may be heard even though the 
secondary is open}. Rotcte tuning capacitor Cl to determine 
if it is tuning. If it tunes the signal, check input coil L1 for 
high resistance or cn open, since a small, stray capacitive 
coupling from primary LJ to secondary LZ will produce an 
output signal even if Llis open, especially at the hicher 
radio frequencies. Where a stonq local signal exists, 
touching the input winding (or V1 grid) with the finger will 
increase the signal if the cntenna is defective or too smal] 
(this type of indicctcr may not be too effective below decks 
or in a well-shielded compartment). 

Distorted Output. Since grid-leck detection is used 
there will normally be noticeable distortion, particularly 
on strong, heavily modulated sianals. A continuous tone 
beat-note heard with the moculation indicates the detector 
is oscillating and that a readjustment of the regeneration 
control is necessary to prevent self-oscillation. A high 
pitched audio squeal which occurs when the audio aain is 
increased is known as fringe howl, and occurs only if the 
RFC ond capacitor C4 are not operating properly tobypass 
the excess r-f plate component to ground. This coulé occur 
if the RFC were shorted or C4 were open. First substitute a 
good RFC, then if the squecl persists shunt C4 with a 
capacitor of similar value. If Vl is low in emission, there 
will usually be distorted signals coupled with continuous 
fading and a weak output. Shou!d the values of the arid- 
leak resistor or capacitor change noticeably, both blocking 
and excessive distortion may occur. 


SUPER-REGENERATIVE DETECTOR. 


APPLICATION. 
The super-regenerctive detector is used in cheap, one 
ortwo tube receivers for the VAif cnd CHF recions where 


RF amplification does not provide mach ain, and aood 
selectivity is not requirec. It is is particularly popular in 
portable-mobile transceivers and walkie-talkies, where 
small size and low power consumption is important. 


CHARACTERISTICS. 
May be separately cuenched cr self-quenched. 
Uses a low quenchinc frequency to obtain high aain. 
Selectivity ismuch less than for any other form of 
detector. 
Has an inherent noise reducins and limiting action. 
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Responds elrost equally as well to strona sianals cs 

to weak sionals. 
Provides high sensitivity and asin in a single tube. 


CIRCUIT ANALYSIS. 

General. The super-reaenerative detector uses c low 
frequency (from 15 k= to ICC ko} ae 3 quench cacittator, 
generoted either internally or separately, to control the 
regeneration applied te a qrid-leak detector, and thus 
supply or extremely hich ccin from sc sinnle tube, The use 
of a quenchiny frequency effectively broadens the selec- 
tivity of the tuned input circuit to the point where it acts al- 
most as if it were not tuned. Hence, a major disacvantage 
is that any strong sicnal within a few hundred kilocycles of 
the desired frequency will override it and blank out the 
desired signal. It also responds somewhct logarithmically 
to input signal strength so that on amplitude limiting and 
AVC action is obtained. Thus, extremely weak signals 
below the threshold level are not detected, and both weak 
and strong signals above the threshold appear at the out- 
put with nearly the same intensity. In addition, high ampli- 
tude noise interference, such as produced by spark ignition 
systems isminimized without the necessity of adding a 
limiter stage. Signals with low levels of modulation (less 
than 50 to 60 percent) produce only a weak or garbled 
output, whereas signals with high percentages of modu- 
lation produce a loud output, accompanied by high dis- 
tortion. In most instances, the interruptions of the quench- 
ing oscillator produce an audio output in the form of a 
high-pitched hiss caused by noise, which appears between 
stations, and disappears as the signal is tuned in (on ex- 
tremely weak signals the hiss will mask out the siqnal). 
Since the super-regenerator is oscillating, except during the 
quench period, it is usually necessary to use an r-f am- 
plifier as a buffer to prevent reradiation and interference 
with other reception. This is also a major disadvantage 
when used in Military ecuipment, since interception by 
enemy direction finders is still possible even with an rf 
stage if it is not perfectly neutralized. 

Circuit Operation, The schematic of a typical super- 
regenerative detector is shown in the accompanying illus- 
tration. 

Transformer Tis an r-f input transformer, with primory 
LJ (antenna winding) untuned, and secondary L2 tuned by 
Cl. The tuned secondary tank is connected between the 
grid and plate of triode Vlas a conventional ultraudion 
oscillator. Grid-leak bias and low frequency quenching 
is provided by Rl and C2. The audio output is taken 
through r-f isolating choke RFC and applied to the primary 
of audio output transformer T2. The plate voltage is varied 
to control regeneraticn by potentiometer R2, and the pri- 
mary of T2 is bypassed by C3 to prevent r-f feedback. 

In the absence of an input signal, the qrid-leck pro- 
duces contact bias (see paraqraph 2.2.2. in Section 2 of 
this Handbook for a detailed explanation of arid-leak bias 
action), and c steady plate current flows. When an unmodu- 
lated carrier signal is cpplied to the input, the grid is 
driven positive on the positive peaks, and qrid current 
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Typical Self-Quenched Super-Regqenerative Detector 


flows from cathode to qrid and back to qround via qrid-leak 
Rd, charging grid capacitor C2 negatively. This negative 
gtid bias, in turn, causes a slight reduction in plate cur- 
rent, and a consequent rise in plate voltage. When the 
carrier is modulated by an audio signal, ite arid bias varies 
ih Hier noduls 


at an dudie fate in Scour dance Ww 
the orid bias increases, the plate ice decreases, So 
far, this is conventional arid rectification and detection. 
In the regenerative detector this change of plate current 
induces a field around tank coil L2 which produces an in- 
phase voltage in the grid portion of the tank coil. Kence, 
as the plate current decreases a positive veluide is fed 
back tc the gia, and causes still smaller p plate current ta 
flow. In the conventional regenerator, this feedback is 
limited to an amplitude which is just below the point where 
continuous oscillations cre produced, pelea Ne even 
though this type of regenerative feedback resuits in a xin, 
it is not as large a asin as could be obtained if the eich 
were prevented from oscillating until a-laraer feedback 
amplitude wes obtained. Such action is accomplished in 
the super-recenerator by developing a low freqnency oscil- 
lation in thearist circuit known as the quench voitane, Tn 


ile 


ine self-aqy sercned circuit described anove, 
yout ye is vateined py USING ic wwe mid aH 
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developed, while durina the OF © neriod na output is de 
veloped, although this action fe: : 
of chopped up vieces of the orininal modnietion, the modu- 
lation frequencies are very low in comparison to the aver- 
ating frequencies (cycles comparea with mecacycles), so 
that only a small portion of the mod-tion is lost durin; 
any one OFF cycle, as shown. in the exargere cveforn 
in the accompanyina illustration. [t is evident that the 
overall waveform shape is retained, but a ripple component 
at the quench frec: i lect 
quench voltage is Aleeted out by eaeaetter C3 which sy- 
passes it to ground. Thus, only the audio frequencies 
through the primary of output transforner T2, and induce 

an output voltage in the secondary. Since the outout wave- 
form is chopped up ond is not exactly the same as the input 
waveform, cistortion is produces (this | ig in accition ta any 


is evidert that the Sint is ie Seacrest rihant 
always contain more distortion than in the ordinary reqene- 
tative detector. However, this inherent dist Sth on is some 
what nullified by the larse ain neccible thro 
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fegenerution. The yain is cf the order of one huncred times 
or more than that of the ordinary recenerative detector, 

When a separate quench. oscillator is used, it is con- 
nected in series with either the qrid or plate circuit, and 
the grid-leak values are changed te provide additional gain, 
since the tube does not have to develop its own quench 
voltage. However, for the sake of economy ond simplicity 
the single tube self-cuencn 


Since the super-recenerat: 
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at very high frequencies, 


frequencies practically simu ne 
examine the cpercting sequence more closely to completely 
understand operation. First consider the quench voltane, 
pees of whether or not it is externally supplied ar fr 
generated internally, it primarily serves to gate the sarid 
citcuit. Curing the positive huli cycle it permits operation, 
one durinc the Aiuto Pelt eicle: it reduces aneration to 


hermits the circu ‘itt 
(the tuned tank feauesey| wing the conductines half cycles 
and prevents these oscillations during the non-con: 
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for the grid-legk network to discharqe, so that a train of 

t-f pulses tray be aenerated during eack on-period. Grid 
leak bias is developed by rectifyinc the pcsitive half 
cycles of this train of r-f pulses each time they cause a 
flow of grid current. Thus, the ari¢c-cepccitor is charged 
negatively ct an r-f rate, and since the discharce time con- 
stant is lonsaer than the charge time constant (the conduction 
of gric current presents a low resistance charge path), the 
charge cannot leak off the grid between r-f pulses ard, 
therefore, builds up and eventually reaches cutoff bias, 
This cut-off bias point in the self-quencher determines the 
start of the off-period, and the tube is held inoperative 
during this period until grid capacitor C2 discharaes through 
the large grid-leak resistance. 

It is important to note that durina the on-period r-f 
oscillations occur at the tank frequency, regardless of 
whether or not an input signal is applied. This action 
occurs becouse of the large feedback from plate to grid. 
Thus, in the absence of an input signal, the tank circuitis 
started oscillating by random current flow in the tube due 
to noise, which through feedback quickly builds up to a 
high amplitude and develops a d-c bias across the qrid- 
leak. This grid bias, in turn, reduces the amplitude of the 
t-f oscillation slightly and maintains it at this value for 
the remainder of the on-period. When an input signal is 
applied, the amplitude of the r-f oscillation does not 
change, but instead, the oscillation starts sooner (it has 
the signal to help it), and the duration of oscillation for 
the on-period lasts for a slightly longer time than without 
an input signal, as shown in the accompanying illustration. 


INITIAL NO 
BIAS LEVEL 
LEVEL REOUCED BY 
gr wee LEAK BIAS 
q | 


NO INPUT WITH INPUT 
Typical Grid Waveforms 


Since a negative grid bias is produced by the rectifi- 
cation of this r-f oscillation, the plate current is decreased 
slightly when a signal appears. Because the high-frequency 
oscillations exist even when ro input signal is applied, 
the output response is limited to the average change of 
plate current which can occur from the start of the on- 
period to the beginning of quiescent oscillation. The 
result is that if the incoming signal is strong enough to 
mask out the hiss noise, there is little difference between 
weak and strong signals, since the detector output current 
varies logarithmically as shown in the accompanying graph. 
As a result, large amplitude noise varictions caused by 
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noise in the super-reveneratcr, ane can be more easily 


toleratec without distraction from the desired sicnals. In a 
similar manner, smzll variations in zmplituce caused by low 
percentages of mod:lation produce weak ond unreadable 


signals, while the ds ie-yar edt) Yoo Darsen’ Gasclaes 
signals cre sufficient to orocuce cn apprecichle output. 
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Detector Response Characteristics 


The amount of feedback and plate voltage is controlled 
by potentiometer RZ. For larger feedhack and greater 
amplification the plate voltage is increased, while for less 
amplification and feedback it is reduced. For each setting 
of the control the r-f oscillations will reach a maximum 
value limited by the saturation voltage for this operating 
condition, and fixed by the developed qrid-leak bias, 


FAILURE ANALYSIS. 

No Output. A defective tube, loss of plate voltaqe, or 
open or shorted input or output circuits will cause a loss of 
output. Use a high resistance valtmeter to measure the 
supply and plate voltages end eliminate the possibility of 
an inoperative power supply or blown fuse. Since theplate 
voltage will depend on the position of plate potentiometer 
R2, it is good practice to vary R2 over its range to de- 
termine whether or not an output can be obtained. If R2 is 
open at some point between the slider and ground, the 
plate voltage will be higher than normal, if open on the 
slider side there will be no voltage (provided T2 primary 
and the RFC and upper half of coil L2 have continuity). 
No voltage for any setting of R2 indicates that T2 primary, 
the RFC, orcoil L2 is open. Check forcontinuity with an 
ohmmeter or measure voltage to ground, If there appears 
to be sufficient plate voltage present, check the values of 
the grid-leak resistor and capacitor using a voltohmmeter 
and an in-circuit capacitance checker. Check L2 for pos- 
sibility of a defective tuning condenser Cl which will 
usually create a noise when rotated, if shorted. If still no 
output exists it is possible that T2 secondary is open or 
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shorted. Place a pair of headphones across the primary 
winding or couple a speaker to the primary by a coupling 
capacitor. Any output indicates the secondary of T2 is at 
fault. Note also, that if C3 is shorted, plate voltage will 
appear about normal but no output will occur because of 
the shorted load winding. However, this condition usually 
is determined at the time that continuity checks are made 
of L2, T2, and R2. It is important to note that lack of an 
input signal will not result in a nc-output condition, since 
the circuit will still operate, and produce a hiss. 

Low Output. A low or reduced output can be caused by 
a weak input signal, a particliy shorted input circuit, or 
improperly modulate d ignal, a defective tube, low plote 


el 
5 
voltage or a datartive oa: tn ag) 


ut transformer, Sianats he 


low the threshold level tor detection and these siqnals with 
low percentages of medulstion (say 50% or less) will not 
be detected, this isnermal operation. If, however, the 
signal is weak hecauce of an open or c partially 
input transformer, it can be found by checking the coils with 
an ohmmeter. Likewise, with c low plate voltage indicated 
on the voltmeter, both feedback and output will be low. If 
the trouble is not in the plate supply, most likely bypass 
capacitor C3 is at fault ane lecky, check it with an in 
circuit capacitance checker. Check the values of the 
grid-leak and grid capacitor, using an chmmeter and ca- 
pacitance checker. Continued low output indicates L! is 
either open or partially shorted. 

Distorted Output. The output will normally be somewhat 
distorted, particularly on voice peaks, however, the sianal 
should h in ellicihle, TE Aiatartian to suck that the 


mowed o aaiQime, af GISrorion is VOICE 


cited 


is badly garbled, improper biasing is usually the cause. 
Check the grid-leak resistor with an ohmmeter and the wid 
capacitance with an in-citcuit capacitance checker, To 
eliminate the following audio stages from suspicion, place 
a pair of headphones across the primary of TL If the 
sistortionidiseppears, theccistertion is scused. bythe audie 


amplifier stages after the detector. 
PRODUCT DETECTOR. 


APPLICATION. 


The product detector jc universally need as a detantar 


for heterodyning and demodulating single-sidebond trans- 
missions in modern communications type receivers. 


CHARACTERISTICS. 


7 i 1 Bs } 
is usually geli-hiased. 


Operates as a 


Tae aanaut et 4 


combined heterodyne mixer ond setector. 
its, 


ms Par: oe ea a ‘ 
Olfers a slight unprovement in quin. 


Ts more linear than the diode cetectar. 


CiRCUIT ANALYSIS. 

General. The product detector can be considered a 
form of heterodyne mixer with an audio output instead of 
the usual r-f output. The purpose of this detector is to 
mix locally aenerctec low frequency carrier cscilletions 
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notes in the audio frequency range. Fer single-sideband 
the beat varies in both pitch and amplitude, producing the 
detected audio. The product detector may also ke used 
for code reception using the heat frequency oscillator 
(BFOQ) to produce a single-tone audio heat. The use of 
mixing to develep the beat signal reduces the tendency to 
grid-block, when strong signals trom a loca! oscillator are 
applied to the grid simultaneously saith a weak input signal. 
Ordinary doub!esideband AM signals can also be detected 
with the product detector, provided the BFO is tuned to 
zero-beat. ihen used with a stronq BFO input and a weak 
signal input exolted carrier reception is simuleted. With 
a strong (exalted) local carrier inserted, phase cancellation 
of the sidenand frequencies during fading isrinimized, cs 
the jocal BFO substitutes for and filis in tnecarner. Al- 
thoughdur uring extreme fading this'represerts°an improve 
ment ir. orcinary Ab reception it has the disadvantase 
that it is nevelly necessary to continuclly adi:st the Toca! 
BFO fine tuning control to keep the local oscillator at 
zero beat. Otherwise, the steady CW beat note produced 
by the two carriers (input signal and BO) beating teqether 
garbles the signal. 

Cireuit Operation. hile there are a number of product 
detector circuits, one of the most sted Neg in use is the 
typical pentagrid converter illustrated in the accampenyine 


schematic. 
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A single pentaqrid tube is connected as a heterodyne 
converter, with the trioce pertion connected as a simple 
series-fed Hartley oscillator and operating as the bect 
frequency oscillator (BFO) to supply a carrier signal. The 
r-f input with its carrier missing is injected in mixer grid 
no. 2, which is shielded by the screen construction around 
it, and the audio output is taken from the plate of the 
pentode section. Tuned tank L and C is connected in a 
Hartley circuit with V1, and the lower end of the tank is 
bypassed to ground by C4, while C2 is the grid capacitor 
with RZ acting as a shunt grid-leak to supply the bias for 
the oscillator. The screen receives its supply voltaae 
from dropping resistor R3 from the plate supply. Capacitor 
C5 bypasses the screen to ground and effectively connects 
it to the lower end of the tank thereby forming the triode 
oscillator portion of the circuit. The BrO signal is elec- 
tron-coupled to the pentode section by electron flow fro. 
cathade to screen and plate. The input signcl is capaci- 
tively coupled through C1 to the mixer grid, and Rlis the 
d-c return resistor supplying grid bias for the mixer arid. 
This resistor is made adjustable to set operation at the 
proper point for complete mixing and recuction of inter- 
modulation distortion from input siqnals. The BFO sicnal 
is thus mixed with the r-f input siqnal and is heterodyned 
to produce audio beat signals, which vary in accordance 
with the modulation of the r-f input signal. Since the plate 
of Vlis bypassed to ground for rf by C3, only the audio 
frequency current variations appear in the plate circuit. 
These audio current variations develop an output voltage 
in passing through load resistor K4, and thus develop the 
audio output which is coupled through Ce to the following 
audio amplifier stage. 

With no signal applied, Vi rests in its quiescent state 
with the triode section oscillating at the i-f (carrier) 
frequency, and with no input siqnal there is no output ce- 
veloped. Operation of the BFO is by feedback through tank 
coil L between the qrid and screen (plate) to supply a 
continuous feedback from screen to grid and produce con- 
tinuous oscillations at the frequency determined by the 
tuning of tank capacitor, C. Since C4 has a low r-f reac- 
tance to ground, and C5 which qrounds the screen also has 
a low reactance to rf, the screen is effectively connected 
to the lower end of the tank. During the oscillation period, 
grid-leak network C2 and R2 alternately charge and dis- 
charge. During the conduction period on positive half- 
cycles the arid capacitor is negatively charged, and de- 
velops a Class C bias on the grid of V1 through arid current 
flow from the cathode through R2 to ground. On the nega- 
tive half of the oscillation, grid capacitor C2 discharges to 
ground through grid-leak R2, so that the bias is reduced to c 
value which will permit conduction on the next positive t-f 
excursion. Meanwhile r-f is supplied to the circuit by the 
tank during the non-conducting period thus producing com 
tinuous oscillation at the tank frequency. (See Chapter 7 
in this Handbook for a complete discussion of Hartley 
oscillator operation.) 

When an input signal is applied to the mixer grid of V1 
through coupling capacitor Cl the input signal appears on 


CHANGE 2 


0967-000-0120 DETECTORS 
the mixer grid. During the desitive half-cycle of the input 
signal plate current flow is increased, and during the neqa- 
tive half-cycle it is decreased, As the electron flow from 
cathode to plate occurs, the electrons pass through the 
screen, and the BFO oscillations cre heteredyned with the 
input signal to produce an audio beat note in the plete cir- 
cuit. A portion of these electrons also Slows through the 
mixer grid and return resistor Ri to provide bias for the 
mixer grid. Since the pentode section of Vlis connected 
as on amplifier, this bias fixes the operating point of the 
number 2 (mixer) grid at the position for meximum undistorted 
operation (usually in the Class A reqion). However, when 
undesired signals close to the tank frequency are strong, 
the strong signals tend to over-ride the weaker signal and 
cause response to both signals reqardless of the tuning of 
tank copacitor C. Therefore, if Rlis adjusted to produce 
clear undistorted reception on the strongest siqnal, weak 
signals will not be pulled in frequency and the strong 
signal will not cause saturction and produce intermodula- 
tion distortion. The change in plate current caused by the 
input signal alternately increasing and decreasing plate 
current flow through load resistor R4 develops an output 
voltage across R4. Since C3 bypasses any r-f signal com- 
ponent and any BFO siqnal component to ground, only the 
audio beat note will be effective in producing output voltage 
across the load, Thus, the modulation amplitude variations 
of the r-f sidebond signal, in effect, modulate the oscillating 
electron stream and produce the output. If the BFO stopped 
oscillating there would be no output, since there would be 
no beat note developec between the low frequency i-f sia- 
nal and the high frequency t-f siqnal to produce audio 
variations in the electron stream between cathode and 
plate. 

Although R1is shown as variable in the schematic, 
some circuits use a fixed yalue of resistance which, to- 
gether with screen resistor R3, is selected to provide 
optimum operation. In other circuit variations a separate 
BFO is employed end pentagrid tube Vlis connected as a 
simple mixer with both control grids biased to operote as 
amplifiers, so that only a simple mixing function is ac- 
complished. The combined circuit discussed above repre- 
sents a saving in tubes and economy of circuit components, 
hence its more prevalent use. Regardless of circuitry, the 
two signals are always heterodyned ta produce a beat cut- 
put which is in the audio range and thereby denodulates 
the sideband signal. 


FAILURE ANALYSIS. 

No Output. Loss of plate or screen voltage, lack of 
oscillation in the triode section of VJ, ar. open or shorted 
input or output circuit, as well as a defective tube can 
produce a loss of output. Check the olcte and screen volt- 
ages with a high resistance voltmeter, to make certain that 
a faulty supply or blown fuse is not at fault. If plate volt- 
age is lacking, either R4 is open or C3 is shorted. Like- 
wise, if no screen voltage is present, either F3 is open or 
CS is shorted, Measure the resistors with an ohmmeter and 
check the resistance to cround ecross the capacitors, or 
use an in-circuit ccpacitance checker to check for shorts, 
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leakage, and proper value. Determine if the BFO is 
oscillating, and if there is an input signal. Use on oscil- 
loscepe and on r-f orohe connected between the no. | grid 


and ground to check that ¢ ecurs. An alternative 


procedure is to se Fink peaieEReer voltmeter, and place 
a meanhm resistor in series with the probe, and measure 


the voltage across arid-leak Ri. Tf esci 
tne voitage GoIoSS of.aeicaK Med. at CSCI 


10-volt of hetter indication is ohtainec and, inc 
when grid-leak is shorted with your finvers the daedliation 
will cease as indicated hy a crop in voltage to about i 
volt : oT ee If sanhisners ened not occur cheek coil L for 
iort or leckaqe 
= cr in n circuit ‘capacitance checxer}, : check atic-leax 
MZ fos Piped poS estar, a 
proper value. If still no osct illation, check C4 for an open 
circuit (if shorted it v il oscillate). With the BFC 
operating it is still pacsibie thot 7 jis shorted one is hy- 
passing the input to ground through C4, or for Cl ur Ce to 
be open, check each copacitor with 2 capacity meter. 
Usually it is only when the 3FO is not oscilletin: that a 
true no-output condition cecurs, cnd the set sounds dead. 
If the BFO is workina and only the input signal ismissing, 
there will probably be some hum or occasional noise noticed, 
except of course if output coupline capacitor Te is open. 
Low Output. Low plate or screen voltage, a defective 
tube or a change in some perts velues con produce a weak 
output. Measure the olate, screen, and supply voltages 
with a high resistance voltmeter. Low voltage indicates 
that C5 or C2 is leaky 
larger than normal current. Check the capacitors with a 
capacity checker. With normal plate and screen voltages 
check the voltages on both grids with an oscilloscope and 
on t-f probe. On some detectors it is still possible to get 
a weak output even though the BFO is not operating. Also 
check the adjustment of Rl since the signal may be biased 
off too far and provide a weak output. Normally both the 
oscillator and incoming signal should be about the same 
level, but in no case should the BFO voltage be greater 
than the r-f sideband voltage. Check also the setting of 
the receiver RF GAIN control since it may be set too low. 
Distorted Output. If the input signal is too strong, the 
detector can be overloaded and cause distortion, make 
certain the receiver R-F GAIN or AVC system is noldina 
sie input signal to the proper level. hap sEECK the ac- 
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In this case on ¢ teceiver equipped with upper and lower 
sideband switching, placing the switch to the opposite 
sideband position will eliminate the distortion. Since it is 
necessary to keep the inserted carrier within 10 to 12 
cycles of the proper frequency, slight frequency instahilit, 
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which disappears as the BFO tuning is slightly readjusted, 
In the last case the trouble exists in previous receiver 

pa not the detector. It is, however, advisable to 
he B RFQ for dri ift first | 
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modulation (transmitted es foe & a qecaived B ri 
signal and transforms it back to its original form so that it 
may be used for communications or other purposes. While 
the AM detectors explained previously in this section of 
the Handbook are us sed to demedulate cn amplitue-modulate 
; th F ie Seremiors explained in rhe foliuwine 


frequency- meet 
(PM) signal, > detecto 
circuit changes or adjustm 
modulated signal. 

Although the circuits used in FM transmission cat Te 
ception are more complex than ee used in AM, FM has 
a number of advantages which far outweich this disad- 
vantace. An important advantane of FM over A 
reduction of distortion duc tc natural and man-made noise. 
Most noise occurs in the form of ne voriations i 
the tf signal, and in AM, the intelligence is also carried 
oe i at varictions. The Ab receiver can not 
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tne intelligence ond those ccused ey noise, end conse 
guentis reproduces both thenoise and the intelliqence. In 
ri however, tre intelligence is carried Fy freqnency vari- 
ans in the r-f > eo ©M receiver is destened EA 
that it does not respond to aap! Ntnde variations. 
quently, the noise is not reproduced 
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1cn wider band ot modu 
lating prrectian alist ws FR to be usedfor such ap 
estore as hiqn ficelity transmission {such as in the 

tM broaucast bana) ene tor muiticnennel communications 
(such as incommercial communications). Moreover, FM 
transmitters can clso be desianed to produce 3 narrow-band 
Outbit > 
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tor must respond to input frequency veriations, but not to 
input amplitude variations. 

Three types of FM detectors are presently in common 
use: discriminators, ratio detectors, and gated-beam 
detectors. Discriminator circuits exhibit excellent response 
to frequency variations, but also respond to amplitude 
variotions, and therefore, must be preceded by limiters to 
ensure that the discriminator input is of constent amplitude. 
Ratio and gated-beam detecior circuits exhibit slightly 
poorer response to frequency variations than discriminator 
circuits, but when properly adjusted, do not respond to 
omplitude variations. Therefore, ratio or qatec-beam detec- 
tors are used when economy and simplicity are desired, 
and some distortion can be tolerated. Discriminators are 
used when cn extremely distortionless signal is desired, 
or precise control of frequency (AFC) is needed. 


FOSTER-SEELEY DISCRIMINATOR. 


APPLICATION. 

The Foster-Seeley discriminator is used os the detector 
in high quality FM receivers to demaculate the received 
t-f signal, and in automatic frequency control (AFC) cir- 
cuits to transform frequency changes into d-c control voltage 
changes. 


CHARACTERISTICS. 

Converts instantaneous frequency variations into in- 
stantaneous d-c voltage variations, 

Employs a double-tuned transformer andtwo diodes. 

Has very low inherent distortion. 

Must be preceded by a limiter since the output is 
affected by input amplitude variations. 


CIRCUIT ANALYSIS. 

General. The Foster-Seeley discriminator (a!so known 
as the phase-shift discriminator) uses a double-tuned 
transformer connected in such a way that the instantaneous 
frequency variations of the input FM signal are convertes 
into instantaneous amplitude variations. The amplitude 
vatiations are then rectified and filtered in ¢ manner similar 
to that employed in AM detectors to provide a ¢-c output 
voltage which varies in amplitude and polarity as the input 
signal varies in frequency. The output voltage is zero when 
the input frequency is equal to the center frequency (un- 
modulated carrier frequency). When the input frequency 
tises above the center frequency, the output voltage in- 
creases in one direction (for example, become more positive}, 
and when the input frequency drops below the center fre- 
quency, the output voltage increases in the other direction 
{for example, becomes more negative). The specific 
polarity of output voltage obtcined for an increase or a ce 
crease in input frequency is determined by the design of the 
_ circuit and may vary in different circuits. 

The output of the Foster-Seeley discriminator is de- 

' pendent not only on the input frequency but also, tc a cer- 
tain extent, on the input amplitude, Since variations in the 
amplitude of the FM signcl are due to unwanted noise or 
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fading, they must be prevented from reaching the discrimi- 
nator. Therefore, the discriminator is normally prececed by 
a limiter stage. The limiter produces an output of constant 
amplitude regardless of variations in the input amplitude, 
and thus, effectively removes the noise from the received 
FM signal. (Refer to section 15 of this Handbook for a 
complete explanation of limiter circuits.) 

Circuit Operation. The accompanying circuit sche- 
matic illustrates a typical Foster-Seeley discriminator. 


v2 


Foster-Seeley Discriminator 


The input tank circuit, made up of capacitor Cl and 
the primary winding of transformer Ti, is tuned to the 
center frequency ({R) of the received r-f signal. Capacitor 
C3 and the secondary winding of transformer T1 also form 
a tank circuit tuned to the center frequency. Capacitor C2 
couples the input signal to the center tap on the balanced 
secondary winding of transformer Tl, which is retumed to 
ground through radio-frequency choke RFC to form a de 
retum path for the diodes. Diodes V1and V2 rectify the 
signal from the secondary tank circuit and develop opposing 
voltage drops across load resistors R land R2, respectively. 
Capacitors C4 and CS are ref filter capacitors which renove 
any remaining r-{ signal from the output. The output is 
taken from across the series combination of the two load 
resistors (from the cathode of V1 to the cathode of V2). 

The operation of the Foster-Seeley discriminator can be 
best explained with vector diagrams which show the varicus 
phase relationships between the voltages and currents in 
the circuit. The accompanying vector diaaram illustrates 
the circuit phase relationships when the input frequency 
(f) is equal to the center frequency (fR). 

The input voltage cpplied to the primary tank circuit 
is shown as vector ep on the diagram. Since couplins 
capacitor C2 has negligible reactance at the input fre- 
quency, and r-f choke RFC is effectively connected in 
parallel with the primary tank circuit, voltage ep also 
appears across the choke. When voltage ep is applied to 
the primary winding of transformer Tl, a voltage is induced 
into the secondary windina which causes current to flow 
around the secondary tank circuit. When the input fre- 
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Vector Diagrom at Resonance 


quency is equal to the center frequency, the tank is at 
resonance and acts resistive. Therefore, tank current is 
is in ue with primary volta: “€ ep, as shown in the vector 


m tem + 


dicgtam: Thesescrent fl: mig Sattar) 
drops to ™ produced across each helf eft th 1€ alsueed 
secondary svinding of transfor: i 
magnitude cnd opposite polarity with respect to the center 
tap of the winding. Since the winding is predominately 
inductive, the voltace crop acress it is 90° out of phase with 


sre of eoual 


thescuranmisres FRA. Because of the 4Tst unded center tap 
arrangement, the voltages to around at each end of the 
secondary winding are 150° out of phase, and are shown 
cetevGnd-e, on Wo wcdicn Gissram. 

The voltuce cop! 
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conduction occurs os c series of d-c pulses occurina at the 
center radic frequency. Although the output of the diode 
isa diet current it contains a ripple component a! aise 
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to ground (action is similar to a power supply filter capaci- 
tor except for the frequency). 

When an input frequency higher than the center fre- 
quency is applied to the discriminator circuit a phase 
shift occurs, and the current and voltage phase relation 
ships change as shown in the accompanying vector diagram. 


a ge C4 


Vector Diagram For Higher Input Frequency 


When a tuned circuit operates ct a higher frequency 

than resonance, the inductive reactance of the coil in- 
creases, while the capacitive reactance of the tuning capaci- 
tor decreases. Therefore, cbove resonance the tank is pre- 
dominately inductive anc acts like an inductor, Eence, 
secondary current is lags the primary tank voltage ep. 
Althoush secondary veltages ¢, and e, ore still 180 ceqrees 
out of phase, they are also 90 decrees out of phase with 
the current which produces them (is). Thus the chanae to 
a lagging SEEONEOY) current rotates the vector in a clock- 
Ine tn the y vyoctor dicaran it is goen 
that e, is secant nearer in phase with ep, while e, is shifted 
further cut of phase ‘vith ep. Thus the vector sum of ep 

and», is larger than that of ep site 5 areas above 
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Vector Diagram for Lower Input Frequency 


clockwise direction. From the vector diagram it is seen 
that e, is now brought nearer in phase with ep, while e, 
is shifted further out of phase with ep. Thus the vector 
sum of ep and e,is larger than that of ep and e,. There 
fore, below the center frequency, diode V2 conducts heavier 
than diode V1. Consequently, voltage drop E4 across R2 
is greater than E3 across Rl, end the voltage on capacitor 
C5 is, likewise, greater than on C4 thus the combined 
output voltage is a neaative voltege. 

When the input voltage is varied from ¢ lower frequency 
through the resonance point of the discriminator and is 
then raised higher in frequency, the typical discriminator 
response curve shown in the accompanying illustration is 
obtained. The usable portion of the typical ‘’S"’ shaped 
response curve is from point A to point B in the illustration. 
Between these points, the curve is linear and the instan- 
taneous output voltace is directly proportional to the instan- 
taneous frequency deviation. 


DECREASING 
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Discriminator Response Curve 
When weak A-M signals which are too smal! in ampli- 


tude to reach the limiting level pass through the limiter 
stage, the amplitude variations cause primary voltage ep 
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to fluctuate with themodulation and induce c similar 
secondary voltage in Ti. Since the diodes are connected 
as half-wave rectifiers, these small A-M signals are ce- 
tected as in a diode and appear in the output. This un- 
wanted AM interference is cancelled out in the ratio detec- 
tor (to be discussed later in this section of the Handbook) 
and is themain disadvantage of the Foster-Seely circuit in 
comparison with other Fi detectors. 


FAILURE ANALYSIS. 

No Output. A defect inthe primary windina of trans- 
former T 1, in the RFC, or in capacitors C1, C2 or C3 may 
cause a no~output condition. Use cn ohmmeter to check 
the primary winding of transformer T1 and the RFC for 
continuity; also check bothfor leakage or shorts to ground. 
If these checks fail to locate the trouble, use an in-circuit 
capacitance checker to check capacitors Cl, C2 and C3. 
Note that the failure of either diode will cause distortion 
rather than a no-output condition; if both diodes fail, how- 
ever, there will be no output. 

Low or Distorted Output. A cefect in nearly any com- 
ponent in the discriminator circuit may cause the output 
to be either low to distorted. Therefore, it is qood practice 
to use an tf sweep generator and an oscilloscepe to isolate 
the trouble. First, use the oscilloscope to observe the 
input to the discriminator to be certain that the preceding 
(limiter) stage is not at fault. If the input siqnal does not 
change in amplitude as the input frequency varies, the 
trouble is most likely in the discriminator circuit. To de- 
termine if the discriminctor is at fault, ground the grid of 
the preceding limiter stage, connect the r-f sweep generator 
to the discriminator input, and connect the oscilloscope to 
the discriminator outout. With the sweep qenerctor set to 
produce an output which vcries above and below the center 
frequency, the pattern observed on the oscilloscope should 
be similar to the discriminator response curve illustrated 
previously. Defects in the circuit will cause either the en- 
tire curve, or a portion of it to be distorted or flattened. 

If the entire response curve is distortec, the trouble 
may be caused by either improper alignment or by c defect 
in transformer Tl, First check to be certain that both the 
primary and secondary tank circuits are properly tuned to 
the center frequency. If the discriminator is properly cliqned, 
the trouble is most probably caused by a defect in trans- 
former Tl. 

If only the upper portion of the response curve is 
distorted, the trouble may be caused by a defect in diode 
V1, capacitor C4, Resistor Rl, or transformer Tl. Use a 
capacitor checker to check capacitor C4 for value and 
leakage, and use cn ohmmeter to check resistor Rl for c 
change of value. If these checks fail to locate the trouble, 
transformer Tl is probably defective, 

Conversely, if only the lower portion of the response 
curve is distorted, the trouble may be caused by a defect in 
diode V2, capacitor C5, resistor R2, or transformer Tl. 
Check capacitor C5 for value and leaxaye, and use an 
ohmmeter to check resistor R2 for a change of value. If 
these checks fail to locate the trouble, transformer T] is 
probably defective. 
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TRAVIS DISCRIMINATOR. 
APPLICATION. 


The Travis discriminator is used as ¢ detector in FM 
receivers ond for automatic frequency control (APC) cir- 
cuits. 


CHARACTERISTICS. 
Converts instantaneous frecuency var:ations into 
instantaneous d-c voltaye variations. 
Employs a triple-tuned transformer. 
Has low inherent distorticn. 
Circuit is cifficult to alian. 
Must be or ai a limiter since the output is 
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{RCUIT ANALYSIS. 

General. The Trovis ciscnminator uses two secondary 
tank circuits, with each tank turned so slightly different 
resonant frequencies to convert the = input siqnal fre- 
quency variations into amplitude variations. The r-f ampli- 
tude vorictions are then rectified und filtered to produce a 
d-c output voltare which veries in accordance with the vari- 
ations of the input frequency. When the input frequency is 


equal to the center frequency ‘unmoculated carrier freaency), 


the discriminator output voltese is zero. As the input 
frequency tises above the center frequency, the output 
voltage increases in one direction, for exemple, increases 

in the positive cirection, an¢ as the input frequency drops 
below the center frequency, the output voltase increases 

in the other direction ‘for example, increases in the neaative 
direction). 
valtage i ‘ 
deviation (shift) from the center frequency. The sneenhie 


polcrity of output voltaqe obteined for sn increase or 3 de- 
i = det 


Thus, tt ntaneous dis nator output 


saiviad bu the decian of 


input fretrency 


the circuit anc spay y it Cifferent circuits. 

The Trevis discriminctor outout is derendent not only 
on variations in the input frequency, but also to a certain 
extent, on variations in the input amplitude. Since vari- 
ations in the amplitude of the DM! sianal are caused bv un- 
wantec noise or fading, they must be x 
ing the discriminator or the circuit will reproduce the un- 
wanted noise as well as the desired intelligence. ‘To pre 
vent this, the ciscriminctor is usnally preceded hy a g irat er 


Those explained in secon oe 


Circuit Operation. Ihe accompanying scheratic 
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Travis Discriminator 


input frequency eviction. The lower half of the secondary 
winding (L8,} of tran 
resonont tenk circuit wh 


quency hy the some am 


former Tl ond capacitor C3 form a 
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uned helaw the center fre 


tuned cbove the certer Scderi. tf eS fee the 
two tank circuits cre rectified by ote Viand V2, and 

a d-c voltage is developed across load resistors Rl and 
R2. Capacitors C4 and CSare filter capacitors which re- 
move the rf ripple component from the detected signais 
developed across resistors 41 and RZ, and holds these 
ee relatively cnesteants, The tetal outont voltage 


(that is, from wncthe cathode om diode Ya to ground). 

When an input signal with o frequency equal to the 
center frequency is applied to the orimory tank cfrouit 
(LP and Cl}, u voliuye is induced inte the secondary wind 
ing of transformer Tl which develops rf voltages cf equal 
amplitudes in secondary tenk circuits LS, end CZ, ard 
Ls, and ©3, as shown in the accompanvina itlustretion of 
tank circuit response. 

Since the two secondary isis circuits are tuned to 
resonent trequercies {!1 and {2} ecuidistant from the 
center frequency, both tank circuits are tuned off-resonance 
by equal cmounts and equal ref veltaces are nreduced, On 
ihe cositive 
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Discriminator Response Curve 


equal in magnitude anc cpposite in polarity to voltage E, 
at the center frequency. Thus, at the center frequency, 
the output voltage (Eout) is zero, 

When an input frequency hiqher then the center fre- 
quency is applied to the primary tenk circuit of the discrimi- 
nator, a voltage is induced into the secondary winding of 
transformer Tl which is nearer to the resonant frequency of 
the upper tank, and therefore, a larcer velteqe is applied 
to Vl anode. Consecuently, V1 conducts heavier and the 
larger current flow through Rl produces a larger d-c output 
voltage, El, charging C4 tc a nigher value. In a similar 
manner, the voltage developed across the lower tank circuit 
as shown by response curve 3 is further away from the 
lower-tank resonant frequency and the positive anode volt- 
age on V2 is lower than that of Vl. Hence, the small cur- 
rent flow through resistor 2 develops a smaller output 
voltage, EZ, and CSis charged to a lower value. The net 
output voltage, Eout, across the two resistors is positive 
when the input frequency is hicher thar, the center frequency, 
since El is always positive and qreater than E2, When a 
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still higher frequency is applied the primary tank, the same 
action occurs except that E] becomes much larger and E2 
becomes much smatler. Likewise, when the input frequency 
is lower and reorer the lower terk frequency the opposite 
condition prevails, That is El becomes smaller, while E2 
becomes laraer. Consequently, the net output voltece, 
Eout, across the two resistors is neqative when the input 
frequency is lower than the center frecuency, since EZ is 
always negative ond larger then El. 

Thus, the output voltage of the Travis discriminator 
varies in magnitude and polarity as the input frequency 
varies above and helow the center frequency. As mentioned 
previously, the discriminator output is dependent not only 
on the input frequency, but also to a certain extent on the 
input amplitude, If the input signal amplitude drops below 
the limitind level of the preceding limiter stage, the signal 
and any voriations in the siqnal amplitude will appear at 
the discriminator. Since the discriminator diodes are 
essentially half-wave rectifiers, they will detec: the ampli- 
tude variations in much the same manner as an AM ‘letec- 
tor, producing noise in the discriminator output. Thus, for 
proper operation, the input signal to the limiter must al- 
ways remdin above the limiting level of the staqe. Another 
disadvantage of the Travis discriminator is that it is difficult 
to align because each of the three tank circuits must be 
tuned to a slightly different resonant frequency. Because 
it is sensitive to amplitude variations, and because it is 
difficult to align, the Travis discriminctor is not often 
used in modern FM circuits. 


FAILURE ANALYSIS. 

No Output. Loss of input signal, the failure of capaci- 
tor Cl, transformer Tl, or both diodes can cause a no-output 
condition. {Note that if only one diode fails, the output 
will be distorted rather than completely absent.) If the 
diodes are not at fault, either transformer T1 is defective 
ot capacitor Cl is shorted. 

Low or Distorted Output. The failure of nearly any 
component in the Travis discriminator may cause the output 
to be low or distorted. Yherefcre, it is cood practice to 
use an r-f sweep generator and an oscilloscope to locate 
the specific portion of the circuit that is faulty. First, 
use the oscilloscope to observe the input to the discrimi- 
nator to be certain that the trouble is not due to distorted 
input signal. If the correct discriminator input sicnal is 
present, ground tne arid of the limiter staqe preceding the 
discriminator, connect the r-f sweep generctor to the dis- 
criminator input, and connect the oscilloscope to the dis- 
ctiminator output. ‘With the sweep aenerator adjusted to 
produce an output signal which varies above and below the 
center frequency, a charecteristic /‘S' shaped discriminator 
response curve will be obtcined if the circuit is operating 
properly and aligned correctly. Defects in the circuit or 
alignment, however, will cause a portion of the response 
curve to be distorted. 

If only the upper (positive) portion cf the response 
curve is distorted, the trouble may be caused by a defect 
in diode V1, resistor Rl, capecitors C2 or C4, transformer 
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Tl or misalignment of tank C,, LS,. Check resistor Rl for 
proper value with an ohmmeter, and check capacitor C4 for 
proper value, leakage, or a short with an in-circuit capaci- 
tance tester. If these checks fail to locate the defective 
component, the transformer assembly (consisting of Tl and 
Cl, C2, and C3) is either misaligned or defective. Check 
the alignment. 

When only the lower (neyative) portion of the response 
curve is disterted, it may be ccused by a defect in ciode 
V2, resistor RZ, capacitors C3 or C5, transformer TJ, or 
misalignment of tank C3, Ls,. Check a R2 for 
proper value with cn chmmeter, onc cneck ccpacitor 5 fer 


proper value, leakage, or « short, 
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RATIO DETECTOR. 
APPLICATION. 


The ratio detector is used in FM receivers to demodu- 
late the received rf sianul, and in automatic volume con- 
trol (AVC} circuits to transform frequency chances into c-c 
control voltage chanzes. 
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CHARACTERISTICS. 
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Vector Diagram at Resonance 


flow around the secondary tark circuit. When the input 
frequency is at the center frequency, the tank is at 
resonance and acts resistive. Therefore, tank current is 
is in phase with the primary voltace ep, as shown in the 
vector diagram. The current flowing in the tank causes 
voltage drops to be produced across each half of the 
balanced secondary winding of transformer T], which cre 
of equal maynitude and opposite polarity with respect to 
the center tap of the winding. Since the winding is pre 
dominately inductive, the voltase drop across it is 9 
out of phase with the current through it. Because of the cen- 
ter tap arranqement, the voltazes to qroun¢ at each end 
of the secondary are 180° out of phase, cnd are shown as 
é, and e, on the vector diagram. 

The voltage applicd to the cathode of V1 consists of 
the vector sum of voltages ep and e, shown as e, cn the 
diaqrem. Likewise, the vcltane epplied to plate of V2 
consists of the vector sum of voltages ep and e,, shown as 
e, on the cianram. Since at resonance there is no phase 
shift, voltages ¢, and e, are equal as shown dy the same 
length vectors. 

Consider now the manner in which the tubes operate 
with the discriminator voltages discussed above. When a 
positive input signal is applied to LJ, a voltage of opposite 
polarity is induced into secondcry L2. As shown in the 
accompanyinn simplified schemctic, the cathode of Vlis 
negative with respect to its olate, while the plate of VZis 
positive with respect to its cathode. Since hoth voltaaes 
are of equcl mannitude at resonance, both tubes conduct 
equally. Hence, current flow through V1 is in one direction, 
while current flow throuih YZ is in the opposite direction. 
This direction of current flow causes 9 negative polarity 
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at point A and a positive polerity at point 8, an¢ throuak 
RL applies a positive charre to C3. In a similer manner 
current flow through Vz preduces a nectstive polarity ct 
point B ard a positive cclority at &. Hence, capaciter 04 
is charqed nenatively. Since the pelerities are additive, 
capacitor CS across the outout charces to the series value 
of twice this voltage. In the example shown it is assumed 
that equal but opposite voltaqes of 5 volts exist across 
C3and C4. Therefore, the totcl cherse across CSis IC 
volts. Since the voltages across C3 and C4 are equal in 
amplitude and of opposite pelority the output across load 
RL is the aigebraic sun or zero. 


vi 
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cs 
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v2 
Current Flow and Polarities at Resonance 


When the input si inal reverses pelarity, the secondary 
voltage across LZ also reverses polarity. The cathode of 
Vlis now positive with respect to its plate, and the plate 
of VZis neqative with respect to its cathode. Under these 
conditions neither tube conducts, and there is no out- 
put. Mecnwhile, CS retains most of its charqe because of 
the large time constant supplied by Rl and F2, and dis- 
charges very slightly. 

Wher. cr input frequency hither then the center fre- 
quency is apptied to the detector circuit, a phase shift 
occurs enc the current end voltaye phase relationships 
chanae as shown ir the accompanyirs vector diaaram, 
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Current Flow and Polarities Above Resonance 


quency is anplie 
also occurs, and the current and voltare nisse relation- 
ships eens as shown in the accompanying vector diaqrem. 


Vector Diagram for Lower Input Frequency 
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in this case is < nective 6 vclts because C4is necatively 
charged with respect tc C2 Again the cherge ecross capa- 
citor C5 consists cf the sum of the veltaves across C3 cnd 
C4, or 10 volts as originally developed. 


C4 €@ VOLTS 
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Current Flow and Polarities Below Resonance 


When the input siansl reverses its polarity, the sisnal 
across the secondary clso reverses its polarity. The 
cathode of V lis now positive with respect to its plate, 
and the plate cf V2 is nesative with respect to its cathode. 
Under these conditions, neither tuhe conducts, but the time 
constar.t of 2 and C ntdins the current through the 
load in ¢ negative direction until the next cycle of input. 

Nher. the inpin siqnel is varied from a lower then center 
frequency, through center frequency, anc is raised to a fre 
quency higher than the center frequency, the typical '’S’! 
shaped discriminator response curve shown in the accompa- 
nying illustration is obtained. The usable portior. of the 
typical ’’S’’ shaced response curve is from point A to point 
B in the illustration. Between these points, the curve is 
linear and the instantaneous output volteae is directly 
proportional to the instantcneous frequency deviation. 

The output of the ratio detector adjusts itself aute 
matically to the averaxe :-f amplitude of the input sicnal. 
Through the action of resistors R1 ond R2, tacether with 
capacitor CS, audio output variations which would occur 
due to r-f amplitude variations in the input (such as noise) 
“are eliminated. As previously mentioned, C5 charges to 
the sum of e, and e,. The average sum of e, and e, depends 
upon the average r-f amplitude of ep. Any amplitude 
variations at the input of the detector tends to change the 
voltages across R! and RZ, but because of the long time 
constant of C5, across the resistors, these voltages are 
held constant. Before the capacitor can charge or discharge 
to the higher or lower amplitude veriction the impulse 
disappears, and the difference in charge on C5 is so slight 
that it is not discernable in the output. Because the volt- 
age across C5 remains relatively stable and changes only 
with the amplitude of the center frequency, and since it is 
negative with respect to qround it is usually used for 
automatic volume control (AVC) applications. 

Capacitors C6 and C7 toqether with resistor R6 form a 
low pass filter which attenuates the high audio frequencies 
and passes the lower frequencies. This is known as a 
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Ratio Detector Response Curve 


de-emphasis network, which compensates for the ore- 

emphasis with wrick the bish frequencies sre transmitted 
ond returns the audio frequency bclance to normal. When 
preemphasis is net employed these parts cre not needed. 


FAILURE ANALYSIS. 

No Output. A defective discriminator transformer, Tl, 
shortes tunin: capacitor Cio: C2, an open output resistor 
R6, on open coupling capacitor C8, or shorted filter capaci- 
uce a no output condition. Check 
the continuity of the windings of Tl with on ochmmeter. 
Check capucitors C1, C2, C6 and C7? for shorts, and capac- 
itor C8 for an open with on ohmmeter, and measure the 
resistance of R6. If above checks fail to restore the out- 
put, check all capecitors with an in-circuit capacitor 
checker. Note that one defective diode will produce a 
partial loss of output, and that both diodes must fail to 
cause a complete loss of output. 

Low or Distorted Output. A defect in nearly anv 
componeit in the detector circuit may cause the outprt to 
be either low cr distorted. Therefore, it is qood practice 
to use an ¢t-f s.veep generator and an oscilloscope te isolate 
the trouble. Ground the «id of the last I-F tube, connect 
the r-f sweep generator to the detector input, and connect 
the oscilloscope to the detector outout. With the sweep 
generator set to produce an output which varies above and 
below the certe: tne pottem chserved or. the 
oscilloscope should be similar to the discriminator re- 
sponse curve illustrated previously. Defects in the circuit 
will cause either the entire curve, cr a portion of it to be 
distorted or flattened, 

If the entire response curve is distorted, the trouble 
may be caused by either improper alignment or by « defect 
in the transformer Tl, First check to be certain that both 
primary and secondary tank circuits ce properly tuned to 
the center frequency. If the detector is properly aligned, 
check capacitors Cl and C2 with an in-circuit capacitor 
checker. Check Rl and R2 with an ohmmeter for their 
proper values, and capacitor C5 for value and leakage with 
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an in-circuit cepacitor checker. If the trouble is still not 
located, the trouble is most lixely caused by « cefect in 
transtormer Tl. 

If only the upper saleisiag of the response Curve is 
jistorted, the trouble may be caused by a defect in ciode 


vi rue C3, ot transformer Tl. If the diode V1 


cks goo ise am in-circuit capacitor checker to check 
shecks good ule Gh in-Circult Capaciter oc to cneck 


te ay 


23 tor Me oly and i If these checks fuil io lucuie the 
touble, transformer Tl is probably defective 

Conversely, if only the lower portion of the response 
curve is distorted, a emcy pe ccused by a defect 
in Gicde V2, capeciter C4, crtrancionner T1., Usear in- 
citcuit capacitor checker 16 check C4 for value and leakage. 
If these checks fail to locate the trouble, transformer Tl 
is probably detective, 


GATED-BEAM DETECTOR. 


APPLICATION. 
The qated-beam Getector is used in Thi receivers tc 
demodulcte the received r-f signa: 


CHARACTERISTICS. 

Converts instantaneans frequency varictions into in- 
stantaneous d-c voltage variations, 

Employs three tunec tank circuits anc a special beam- 
power tube, 

Has low inherent distortion. 

Output is independent of input omplitude variations. 

Provides both limiting and disériminater action in’e 
single tube, 


CIRCUIT ANALYSIS. 


General. The scted-becm ays cr uses a acted-beam 


tuhe to limit, detect, and annlify 


nal, Thes output is a a volta: 
ond polarity as the input va fr 
voltage is zero when the input irequency is aaa to the 
center frequency (unmodulated cerrier frequency). When 
the input frequency rises above the center frequency, tne 
output veltage increases in 4 vesitive cirection, and when 
the input frequency drops below the center trecuency, tne 
output increases in c nevtctive direction, 
Circuit Operation. Hefore attempting te explain the 

setecior, a brief review 


Gitcuit operation of the sated hesu: 


of 


istration shea cero 


ing ibs 
acted beam tube. 


are ty 


beam tube nes an eaainaty pentc 32. First, the “fei ‘of 
electrons trom ate 
concentrates bedi toned by the slemen H 
secondly, cathede current flows at cll times, ever during 
the perind of time curing which no olcte current £ 

The shield cround the c 
plate No. 1, is internally connected to the 
the electrons teuve the colbade they tas 
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Gated-Beam Tube Cross-Section 


repels electrons. Thus ¢ narrow stream of elecircns is 
formed. 

As the electron stream enters the accelerating chamber, 
which is ata high positive potential, it tends to spread, 
ay tha mitts ala Ce Ai nas 


duet the atactioneethesoscnuve tila): ‘Ovdingib, whe 
stream would continue tc sprecac, but as it approaches the 
No. icontrol grid, it is prevented from spreading further by 
the repelling action of a second focusing plate, also con- 
nected to the cathode. Once the electrons pass throuch 
the first control grid, they are attracted towa i ; 
rator qrid, which is at the same potential as the accelerator 
plate, and again the electron stream tends to s spr read, Kows 
ever, before Whe spreading becomes excessive, the stream 
enters the field cf focusing plate No. 3 which is also ct 
cathode potential, and further spreading is checked, The 
focusing plate is provided with o narrow opening, which 
concentrates the beam into a narrow stream aqain as it 
passes through this orlice. The electron stream tren 
passes through a second control grid (referred to as the 
quadrature atid) and is attracted to the potential positive 


SEG cieuaes it, the senehe each this gric 
fopidiy. ouile ups cerse space charje mm torte: Vie dra 
Because electrons repel each other, the acc cumule tec space 


chorce aidc tre contre! aidiam 
Tore ut Sales 


current flow, and account. for the 
characteristic. {This contro! arid is ee referred to as the 
limiter arid for this reason.; The electrons cannot retum to 
th erate herise of the natn. 


Pivte Lees they aresttracted toxtke 
Rtage +k. Mmm ntateins 
ntoir 


nk hae in 
cnamoer insteac, thus mai 


us iliustrated beluw. 


11-A-33 


ELECTRONIC CIRCUITS NAVSHIPS 


ACCELERATOR 
P E 
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First Control (Limiter) Grid at Cut-off 


Ino similar menner, when c sianal of sufficient strenath 
and of proper polarity te repel the electron stream is cpplied 
to the quadrature arid {¥o0. 2 control grid), with the limiter 
grid above cut-off, plate current will not flow. Cathode 
current flow continues, :¢~ever, because the electron 
stream is attracted to the cccelerator wall insted, as 
illustrated below. 


ACCELERATOR 


Second Control (Quadrature) Grid at Cut—off 


To summarize tube operation, both the limiter grid and 
the quadrature arid must be sufficiently positive at the 
same time to permit passcae of the electron stream to the 
plate. 

The accompanying circuit schematic illustrates the 
qcted bear tube connected cs a typical qated-beam 
detector, 

The input tank circuit, consisting of L1, the primary 
of i-f transformer TJ, end capacitor C1}, is tuned to the 
center frequency of the incoming f-m signal. L2, the 
secondary of the transformer T1, and capacitor C2, also 
comprise another tank circuit, which is also tuned to the 
center frequency. The first grid of the tube and the cathode, 
perform the function of ¢ limiter stage, with resistor R! 
and capacitor C4in the cathode circuit to provide a method 
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Typical Gated-Beam Detector 


of adjusting the limiter hias. The accelerctor orid is cor- 
nected to voltage-dropning resistor R3 which establishes 
the proper voltage on the accclerctor arid, and C5 bypasses 
it to around, Cepecitor C3, together with L3, form another 
tank circuit also tumec to the center frecuency, and is some 
nected to the second cortrol aria. GSesistor RQ, (usually o 
a small value) is placed in the plate lead to increase cut- 
put linearity. Resistor R4 is the plate load, and together 
with capacitor C6 forms an intearatina network which pro- 
duces the sine-weve output. The output is teken from 
across C6, and applied to the audio staqes through coupling 
capacitor Ce, 

The limiting capabilities of the qated beam detector 
are much better than thet of a conventioncl pentode, be 
cause of the sharp control characteristic, as shown in the 
graph below. 
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Limiter Grid Tube Control Curve 


Cathode resister R] is adjusted to bias the limiter at 
the center of the steepest part of the control-characteristic 
curve. With no siqnal applied to the limiter qrid, the tube 
conducts. When the electron stream arrives at the quadra- 
ture grid, some electrons ate absorbed by this grid, and 
the resulting current flow charges C3 of the quadrature 
tank circuit. When C3 is charged sufficiently neaative, 
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the grid current stops and this necative charae momentarily 
majntains the quadrature qrid at cut-off. Tank inductor 

1.3, however, tries 'o keep the current moving in the same 
direction, but when its field collepses it causes c reverse 
flow of current which discharges C3. When C3 discharaes 
sufficiently, the qrid ere becomes positive anc Lye gle 
diawiny uric Culfent, and the cycle Tepedts. Since the ton 
is tuned to the center trequency cf the received sicnal, 

it oscillates at the tuned frequency. The voltaqe across 
G3 lags the current which produces it, and the result is a 
seties of pulses appearing on the quadrature arid at the 
center frequency, but lagging the limiter grid voltcce by 90 
deqrees. Because the quadrature qrid has the sa:ie control 
characteristics as the ss grid, regi tae proce 


i 
tobp alesenaten 
Vo 


Ian gt cot 
tu rereceragietaers 


y ae Cue 


half pee of oscillation. 

When a signal cppecrs on the limit ic at the center 
frequency and increases slightly in a positive direction, 
the tube is effectively criven into saturation. That is, as 
the electron stream passes through the limiter and cccele- 
rator arids, and arrives at the quadrcture arid, the cucdre 
ture grid is out-oi-phase and is at cut-off, and the electron 
stream is attracted to the accelerator wall. However, some 
90 deqrees later, the quadrature grid shifts in a positive 
direction hecause of the favorchle oscillation of the quad- 
rature tank, and this time the electron stream is permitted 
to pass tnrough the quadrature grid to the plate. Before 
the quadrature grid phase changes, the signal applied to 
the limiter grid drives the tube quickly into cut-off, and 
plate current aqcin ceases. The resulting sicnal eppearing 
on the plate, therefore, is a square shaped pulse, which 
storts with the delayed opening of the quadrature arid, and 
ends with the closing of the limiter sric, cs i!lustrated 
below. 


LIMITER 
GRID PULSE 


QUADRATURE 
GRID PULSE 


PLATE 
PULSE 


Relationship of Pulses at Center Frequency 


CHANGE 2 


0967-000-0120 DETECTORS 
If the signal on the limiter arid shifts to a frequency 
higher than the center frequency, the pulse appecrs on the 
limiter gric at an earlier time then ct the center irequency, 

anu therefore, alse arrives at the quacrature arid at on 
eorlier tine. Since the culses on the quadroture grid are 
still occurring ct the center frequency {because of tank 
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i pulse aiiives earlier, 
the resulting pulse relct:onships are as sown in the second 


wavetorm illustration, 
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LIMITER 
GRID PULSE 


QUADRATURE 
GRID PULSE I 


PLATE 
PULSE 


Relationship of Pulses below Center Frequency 


varies at the same rate as the average picte current, takina 
the output from capacitor C6, provides an audio cutout, 
and at the same time, it changes the squared pulse into a 
useable sine-wave to minimize distortion. 

The acvanteye of the Gated Beam Cetector lies in its 
extreme simplicity. It employs only one tube, vet 
provides a very effective limiter ‘sith a linear detector. 
It requires relatively few components, and is very easily 
adjusted. Operation, however, is limited to the frecuencies 
below 3% Mc. Since at the hiqner frequencies, the shunting 
effect of the interelectrode capacitance between the limiter 
and quadroture crics is sufficient to procuce cn out-of- 
phase vcltaqe ccross the quadrature arid, which subtracts 
from the quadrature voltace and reduces the output. This 
effect is minimized in some circuits by the addition of « 
screen atid, to the tube or by coreful shielding, but neither 
method completely eliminates the out-of-phase effect, and 
for this reason, the qated-beam circuit is usually uses 
only in low frequency cpolicctions. 


FAILURE ANALYSIS. 

No Output. A defect in nearly any component in the 
circuit could cause a no-output condition to exist. Check 
the plate supply voltage at the tube socket, if plate volt- 
age is not present, check resistors R2 end R4 ond capaci- 
tor C6. If plate and grid voltages are normal, the tube is 
probably defective. 

Creck for a siancl on the limiter arid with an oscil- 
loscope. If ro Signal is present, check for a sianal on the 
primary of the trensformer. If stil] ne siare!l eppears, the 
trouble is somewhere in the preceding stages, and the de 
tector is pronably not faulty. If there is a siqral cn the 
primary of the transformer, creck the tunins capacitors 
with on inecircuit capacitor checser. If they cre found to 
be good, the trouble is probably a defective transformer. 
Check cathode resistor Ri for croner vel and edjustment, 
and capacitor C4 also, usin: an in-circuit capeciter check- 


CHANGE 2 


0967-000-0120 DETECTORS 


er, with the oscilicscone, check ser go sicnal on the auad- 
rotureqrid., If < aiancl ig eresent, moke sure it is ct the 
center frequency. [fone siaral is iment, check C3 with: 


ar, in-circuit cspacitor checker, ond L3 with on chmmeter. 
Checs R23 for prover value, end (75 for a short to around, 


Low or Distorted Output. ft is unlikely that c low 


output condition will exist, but if it dees, 22, R4, or [6 
ismost likely at fa heck 32 and #4 for proper velue, 
ane C6 with an inesiscuit capecitor checker. 

Uf the ontent is distorted, make the checks just 


mentionos above for a low cutout condition, end if the 
distortion till cceurs, make certain that the three tenks 
are alivr sino a int cortain no defective components. 


Also che 


> ani adjustment, usina a 
heat capatito: C43 


with on ins 


circuit ee c 


vIDEe RETECTORS 

ALO ; ry nhellar to the standard AM 
Een the requirement for hendlina 
a hroader Since it is located between 
the [fart it must be able to 
handle the s the IF and 
video amnlifier sta The IF fre 
quencies y from abou: 30 _ 
to:8 MHz; on ut 20 MHz to 4.5 
This teqiises ¢ ro uso of high-frequency 
compensating circuits in th ECHO ON *put, which consist 
of roth series and shunt po ‘See paraqreph 

¢ «Henan feces ac explanation of 

RM peak 2 precaution, thouok less 
sa 3 “ten obs ae 


Taras 


AY’ diode detector, except 
fart : n= caused by ise of the 


rie y cirevits, 
BASIC VIDEO DETECTOR 


APPLICATION. 
The video datecte: ic ised ta chance the received cap 
litude modulates video sianal inte a c-c veltate. 


CHARACTERISTICS. 

Empleys a asic Ali diode detector. 

Has a wider bandwidtn than the conventional AM 
detector. 

Exploys compensatiny networks for frequeney compensc- 
tisn ond to improve Hrearity. 


CIRCUIT ANALYSIS. 
General. The operation of the basic video detector is 
identical to iss operation of the Al! diode detector pre- 
vicusly discussed in this section of the Handbook. The 
only difference Hes in the addition of compensctine circuits 
for the added frecuency response requirements. Disc ussior. 
of the oneraticn ef the detecter in stripping off the medu- 
lation from t rier is covered completely in the crevia: 
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discussion of the diode detector. The reader should refer 
to the discussion of the Diode Detector ir this section of 
the Handbook for proper background before proceeding with 
the discussion of the video detector. 

Circuit Operation. The schematic diagram of a typical 
video detector employing series and shunt peaking is 
shown in the accompanying illustration, 


ite, 
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vy —_ | YY Ie 
TT 


OUTPUT 


Basic Video Detector 


The anode of diode Vlis connected to the untuned 
secondary of IF transfeemer, T 1, with the orimary tuned 
by capacitor C. Inducterce il, in series resistor 
RJ, together with capacitor C1, forms a shunt peckin.: 
circuit, referred to as impedance network 21. Inductance 
L2, together with RZ, forms ¢ series peakina circuit, 
referred 1 to as Bi aoa network a2 panos fer: C2 is the 


to improve "the 


ss charecter- 


Zlisa yee 9 a ined cireuit resonct 
quency at which the ourout first 
stray and distributed wirins ans ciroait car 
sented by Cl. Since the impedance of tne 5 
{shunt pes akedd circuit 4 


citcnce Tent 


rallel tunes 


ca the cet iat 
cy drop-off soit 


Widel of thie tunad 


{without ‘eeinpenbattan's ie hand 


(shunt peaked) circuit is widened because the Q of the 


deseogl 


circuit is decreased oy tic i 

As the output frequency is still further, it passes 
beyond the resoriani peak of Zi, and as SoS of 
Z1 now celia the cutput acain tenis to decrea 

Z2, however, i 
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of ZL These circuits are so tuned that some overlap of the 
tuned circuit response curves occurs, as shown in the 
following illustration. 


Zi RESONANT FREQUENCY 7? RFSONANT FREQUENCY 
H I 


pl Xs 


INCREASING FREQUENCY ——-—————— 


Combined Response Curve of Z1 and Z2 


Since the impedance of a series tuned circuit i 
mum at resonance, ang because Z2 is ir. series with the 
load, the gutout once again. is extended, Arielle LO is 
series peaked using te stray capacitance to cround, ag 
is also broadened by shunt resistor R2. 

The resultant overal! response curv 
detector is as shown below. 


for the video 
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Overalf Response Curve for Video Detector 


FAILURE ANALYSIS. 

No Output. A defect in transformer Td, a defective 
tube, or an open C2 will cause a no-output condition, 
Check the continuity of the pera of Tl with an ohm- 


meter. Check C2 for an open with an chmmeter. If a no 
output coridition still exists, check the value of the capaci- 


tor with an in-circuit panasies onecker. 


Low or Distorted Output. 3 acfective dink ts about 
the only component in the circuit that would cause a low 


output condition to exist. While Qa dow Output 1S also Possi- 
ble because the yaly 


es 
© me Vaiues 


change the response curve, this goes i is rather remote 


Do nat neglect the possibil 


Tf the output t te Neterted 


the defect is provably in cre of the components ol oi, 
Check the value of LI. 
for proper value with an ohmmeter. 

Ii the output is distortec oniy at the higner trequencies, 
seties peaxing circuit 22 is probebly defective. Check C2 
with cn in-circuit capacitor checker. Check [.2 for con- 
tinuity and R2 for proper value 
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PART B. SEMICONDUCTOR CIRCUITS 


AM DETECTORS. 
cia circuits are used to remove the modulation from 


ta tec 


* al and 
the rec ei ver d m dulated r-f signal and transfer it back tO its 


original form, so that it may be used for listening, viewing, 
cammunicotion, or other nurnases, There are many f farms of 


ne Oe 


date seh oe ae ag eee tan 


detector cit uits and many vaTigtions of these chicuits. 
The circuits used in the semiconductor field are similar 

to those used in the electron-tube field. The diode AM 
detector is a particularly good example of this parallelism, 
since the semiconductor diode merely replaces the diode 
tube. Only AM detectors will be discussed in the following 
paragraphs; other types of detectors will be discussed 
1diél. 

The semiconductor diode evolved from the original 
"lerystal detector’’ of the early radio era, which was 
basically a point-contact galeng diode. Today's grawn PN 
for NP) junction diode is more siuble und physically more 
tugged than the early qalena detector. It is usually de 
signed to handle fairly high voltage and current, since it 
acts as a large-signal detector after a number of r-f or i-f 
amplifiers. Because of its small size, good power-handling 
capabilities, lack of power consumption, and small cost, 
the design trend is to replace the electron tube diode with 
the semiconductor diode. 

Generally speaking, the semiconductor diode detector 
for AM is used in one of two types of circuits: the voltage- 
output Circuit and the current-output Circuit. {In other texts 
these circuits may be called ’‘serjies diode detector and 
shunt diode detector’’.} Although ser 
basically by virtue of a changing current, when current is 
passed through 4 resistor 9 veltage drop is oroduced across 
the resistor. Therefore both types of circuits are appli- 
cable to either tubes or semiconductors, and the functioning 
is similar regardless of whether tubes or semiconductors 


are used, The voltage output c circuit is usuc oily oreferred 
for electron-tube applications. 


Because of the lack of gain in the diode detector, tran- 
sistors are also used for detection. The transistor detector 
provides amplification of the detected signal. With the 
proper circuit connections and bias it can be made the semi- 
conductor equivalent of the grid, olate, or infiniteimpedance 
electron-tube detector. By suitable arrangement of biasing 


+ + at ; cal 

potentials and proper selection of the transistor, either 
Wetves mar or linangr derecti eam he qchieved 
square-law or linear detection can be achieved. 


nductor dicde anead is used univer- 


en, i aeivae 
=i 


anette eases ite se sof Ken 


ess-than-unity aain provided by the common-collector cit- 
Cull. 
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VOLTAGE OUTPUT DIODE DETECTOR. 


APPLICATION. 

The semiconductor diode detector with o voitaqe output 
1¢ usually used as the second detector in sunerheterodyne 
roadivera. once lnoar dotester wherd large inpat sionals 


ire SUPpiled. (it 1S also USE] In Test equipment where 
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linear response is desired, as in VTVM’s and field strength 
indicators. 


CHARACTERISTICS. 
Operates linearly over a iarge range of voltage. 
Does not amplify the input signal. 


a 3 Peace ee 
Has on SRELAGE, eticioncy co approximately BU peice. 


Normal large-signal distortion is on the order of 1 to 2 
percent. 

Is not restricted to any particular frequency range, but 
is operable on the entire electronic spectrum. 


CIRCUIT ANALYSIS. 

General. Since the electron tube diode detector is prac- 
ucuily identical with the voltaqe-output semiconductor 
diode, read the discussion on Diode Detectors in Part A 
of this section, before continuing; refer also to the discus- 
sion on Junction Diede Theory, in paragraph 3.2.1 of Sec- 
ie 3, for a review of the basic operation of the diode. it 

hould now be evident that the principal difference between 
a ie diode and a semiconductor diode is the reverse 
leakage current of the semiconductor, plus a difference in 
current and voltage ratings. As far as the diode detector is 
concemed, the reverse-leakage current is usually negligi- 
ble, Although it does produce a slightly increased loading 
effect on the input circuit, this increased loading is of 
interest only when the diode is operated as a small-signal 
detector. In this instance operation is not linear, but ob- 
serves ¢ square-law response (output varies as the square 
of the input voltage). It is this wenk-sianal square-law 

response which creates the inherent distortion in the diode 
Sec As normally operated, the diode voltage-output 
detector is employed after a number of stages of amplitica- 
tion. Thus, the input signal to the detector is relatively 
large in amplitude, the response is relatively linecr, and the 
basic fidelity of the diode detector is achieved. 

Circuit Operation. A simplitied schematic of the voli- 
age-output diode detector is shown in the accompanying 
figure. 
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the resistor. The voltage developed across Rl is equal to 
the peak value minus the drop across the diode (which is 
very small and much less than in an electron tube diode). 
Since capacitor C1 is connected in parallel with Rl it 
charges to the same voltuge. Since the diode response is 
considered linear, the larger the input voltage the greater 
the current through Rl and thelarger the charge on Cl. As 
the positive half-cycle ceases, the diode ceases conducting 
and capacitor Cl discharges through Rl for the duration of 
the negative half-cycle. The capacitor dischurge is con- 
trolled by the time constant of Rl and Cl, and is not quite 
completed before the positive half-cycle again begins. The 
diode again conducts, and capacitor Cl is again charged 
for the duration of the positive half-cycle. Since these 
alternations are at radio-frequency rates and the RC time 
constant is on the order of seconds, the voltage to which 
Clis charged never hus time enough to reach the full peak 
value of the input voltage, and the voltage to which Clis 
discharged never has time enough to reach zero value. The 
voltage is, however, proportional to the envelope of the 
modulation, rising as the input signal amplitude increases, 
and falling as the input signal amplitude decreases, as 
shown in the following illustration. Thus, the voltage 
across C] is a nearly linear replica of the original rodu- 
lation. 
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When the time constant of Rl and Cl is too short (ca- 
capacitor, resistor, or both are too small), the capacitor 
voltage cannot follow the envelope (it reaches full charge 
before the signal reaches its peak), part of the signal is 
lost, and the detected modulation is distorted. When the 
time constant is too long, the capacitor tends to smooth out 
variations in the modulation {it cannot respond to very fast 
voltage variations~only slow variations), and distortion 
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occurs. With the proper time constant, the capacitor is 
never fully charged or fully discharged, but rather follows 
the peck excursions of the envelope in accordance with the 
audio modulation. 


FAILURE ANALYSIS. 

No Output. A no-output condition can occur from failure 
of the diode to conduct, from an open or shorted load resis- 
tor, or from a defective capacitor. A resistance and con- 
tinuity check will cetermine whether the resistor is satis- 
factory, whether the diode front-to-back resistance is nor- 
mal, and whether the capacitor is short-circuited. With the 
resistor and diode checked out, it is a simple matter to 
connect a capacitor in parallel with the suspected capaci- 
tor to determine whether it is open (an output will appear if 
the capacitor is open). If an oscilloscope is available, it 
may be used to observe the waveform across the load resis- 
tor. 

Low Output. Low output can occur from a change in the 
time constant of the circuit, or from a lack of sufficient 
input to the detector to produce the desired output ampli- 
tude. Poorly soldered connections, a leaky capacitor, or 
a defective diode can cause this condition. Under normal 
operation, the amplitude of the signal across the detector 
should be from 80 to 90 percent of the input amplitude. 
Less than this value indicates lack of efficiency due to 
increased resistance in the diode or leakage in the capaci- 
tor. 

Distorted Output. This can result from a change in 
capacitor value. Either too large er too small a capacitor 
will cause distortion. A change in a resistor or capacitor 
value, producing too short or too long a time constant, will 
also cause distortion. The parts should te within 10 to 15 
percent of their rated values. If the values are normal, the 
trouble must be in the diode. A high-resistance condition 
caused by a poorly soldered joint is always a possibility. 


CURRENT OUTPUT, DIODE DETECTOR. 


APPLICATION. 

The current output diode detector is used to detect 
the audio modulation in semiconductor receivers, where 
the voltage output is small and does not vary sufficiently 
to produce full output from the audio amplifier stages, 


CHARACTERISTICS. 

Is usually self-biased. 

Linear current swings produce linear output voltage 
swings. 

Impedance at the output is low, and usually direct 
coupling is employed. 

Is inherently a small signal detector. 


CIRCUIT ANALYSIS. 

General. The current form of diode detector operates 
similarly to the voltage form of diode detector. Except 
that the output variations are in the form of current pulses 
tather than voltage pulses. However, by passing this cur- 
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rent through a shunt resistor, ¢ voltage output is developed 
across the resistor. The voltage output is, however, much 
reduced so that a current amplifier is required to build up 
the signal to a respectable output level. Thus, while the 
voltage detector will supply an output which can drive the 
following audio stage, the current detector usually utilizes 
direct coupling ond on additional transistor stage to con- 
trol ancther transistor stage in the output. Because of the 
direct coupling, response is somewhat better. On the other 
hand, the higher frequency signals are slightly attenuated 
by the coil reactance of the series inductor, which operates 
similar to the power supply low pass filter. This has the 
effect of eliminating any hiqh frequency ripple and distortion 
in the output, so that practicclly the response is identical 
to the voltage diode but of lesser magnitude. Actually the 
current detector operates ae a square lew detector and is 
usually used in circuits other than the superhetercdyne 
{which uses the voltage form af detector}. Therefore, the 
shunt diode (current) detector is used mainly in regenerative 
receivers of the pocket variety and is usually combined with 
teflex audio circuits to provide a loud but distorted output. 

Cirevit Operation. ‘ihe circuit of a typical current diode 
detector is shown in the accompanying illustration. 
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the same direction when conduction ceases, and during 


y 
ime thor rhe cereacror dic 
Me MMe that Ne CStector 


CHANGE 2 


0967-000-0120 DETECTORS 
ground, the field discharges through Rl. Thus an inteqratir 
action occurs similar to thet which would be produced if 

Rl were shunted by a capacitor, and the output current 
follows the peak waveform closely. Because of the react- 
ance offered to high frequencies by L.1, there is always a 
loss of voltage which makes the output smaller than the 
applied signal. Since a conducting path to ground 1s 
offered on the positive half-cycle of input signal, the 
tectification efficiency is lower than for a series connected 
diode (voltage detector) hence this circuit is not often used. 
In addition the low shunting effect during conduction and 
the low overall impedance to ground during the nonconducting 
period provide a heavy load on the source, and creates dis- 
tortion when sufficient driving power is not available. 

Thus, the shunt detector is usually less preferred than tne 
higher impedance, voltage-output form. 


FAILURE ANALYSIS. 

No Output. If the diode is shorted, or if either L1 or 
Rl are open there will be no output. Because of the few 
components involved a resistance check with an ohmmeter 
will usually locate the defective part. 

Low Output. A defective diode CRi, high resistance 
soldered joints, or large changes in L1 or Ri can reduce 
the output. Check the values of Ll and Rl with an ohm- 
meter. 

Distorted Output. If the output is continuously 
distorted, check the diode. If the distortion still persists, 
use an oscilloscope to observe the input and output sig- 
nals, since the distortion is probably located in an earlier 
t-f stage or a later audio stage. 


COMMON-EMITTER DETECTOR. 


APPLICATION. 

The common-emitter transister detecterts usually 
used in semiconductor superheterodyne receivers to supply 
a detected and amplified output. 


CHARACTERISTICS. 

Uses Belles Hd 

Offers ah High IeBut x mpedonce, 

Is equivalent to the diode detector in quality, with 
more gain available. 


May be ntae as 


CIRCUIT ANALYSIS. 
General. This cetectcr is 
detector used in electron tubes. Tne base-emitter junction 


acts gs ad di de rectifie or for lorsesian fel lines: dataction 
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wher biased sufficiently, Of as a sct suore-low, smell-signel 
detector wnen operating witn low bias. When used in a 
receiver witn only a few transistors it operates as 4 small 
signal detector, wnen used in superheterodynes it is used 
as a large signal detector. The operation is similar to 
that of the electron nine counterparts pie ane plate 
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Diode detection occurs in the base-emitter junction and 
amplification occurs using the emitter-collector junction. 
The combination can be considered the same as that of 
diode and a transistor used separately. 

Circuit Operation. The schematic of a typical transistor 
common-emittet detector is shown in the eccompanyina 
illustratior.. 
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Tuned input transformer, Tl, has a primary and second- 
ary winding. The primary winding, Li is tuned by capaci- 
tor Cl to the operctins frequency {in suserheterocyne re 
ceivers it is tuned to the !=), while secondary 2 remains 
untuned ond inductively coupled. Resistors Rl and R2 
are fixed-bias voltage dividers connected from the supply 
to the base and ground. Resistor Ril is bypassed by C2 for 
tadio frequency and this RC combinction also acts as the 
load resistor and bypass capacitor as used in a diode 
detector. The audio is detected in the base-emitter circuit 
and is applied as a d-c bias varying at audio frecuencies 
to control collector current. The output is developed 
across collector load resistor R4, which is bypassed for 
tef but not for audio frequencies. The emitter is connected 
to ground through ¢ conventional swomping resistence 
(R3) for temperature stabilization, and is bypassed by C3 
for both RF and audio. 

In the absence oi an input signal, transistor @1 rests in 
a Class A-biased condition, drawing a moderate but steady 
collector current, and no output is obtained. When an input 
signal appears on the base of Q1 it is rectified by the 
base-emitter junction (opercting as a diode) and appears 
as a d-c bias voltage with a varying audio frequency com- 
ponent across R1, This a-f component is developed across 
Rl as in the conventional diode detector previously dis- 
cussed earlier in this section. Variations in base current 
flow caused by the input signal develop a voltage across 
Rl which follows the modulation envelope of the 
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signal, any degenerative bias which tends to develop 
actoss emitter resistor F3 is eliminated by bypass capaci- 
tor C3. The output is developed by collector current flow 
from the supply through R4 which varies under control of 
the bias voltage across Ri, Any radio frecuency ripple in 
the output is bypassed across the collector load resistor 
by capacitor C4. The audio frequency variations, how- 
ever, are not bypassed, and as the base is forward-biased 
by the negative half-cycle of input, it increases collector 
current flow, anc a positive output voltage is developed 
across load R4, Likewise, when the base current is mace 
to decrease on positive portion of the input signal {which 
teverse-biases the junctior} collector current flow is re 
duced, and the collector output voltage rises towards the 
supply (becomes more negative). Thus since the output 
tises and falls in accordance with the modulation envelope, 
on amplified output of similer waveform is obtcinec and 
passed through coupling copacitor Cee to drive the bese 
of the followiny audio stage. 

When a small fixed-bias is applied Qi, operation is on 
the lower (curved) portion of the base-emitter transfer 
curve and square ]aw detection is obtained, with an in- 
crease of distortion. When biased hiqker ‘on the straicht 
portion of the curve) the transistor operctes as a linecr 
diode detector with the additioncl a::nlification supplied 
by the collector circuit. The type of operation is determine 
during design by selecting the proper values of Rl and R2 
to provide the cesired bics for square law detection, and by 
choosing the proper value of emitter resistor R3 and bypass 
capacitor C3 for linear detection. The cutout in both 
instances is equivalent to that from a separate diode, 
amplified by a separate transistor operating at the same 
bias voltages. Usually when operating as a kich-leve! 
(large signal) detector it is capable of driving an audio 
output stage directly. In this respect, it is the transistor 
equivalent of the electron tube power-detector. 


FAILURE ANALYSIS. 

No Output. Loss of on input sical, lack of bias, a 
defective transistor, loss of supply voltage, ar cpen load 
resistor, of an open cutput capacitor can produce a no- 
output condition. Check the bics, supply, anc collector 
voltages with a high resistance ohmmeter. If normal base 
bias is ootainec, L2 anc pias divicer Rl, md R2 are satisfac 
tory, and C2 is not shorted. Likewise, with normal collector 
voltage R4is okay and C4is not shortec. An emitter 
voltage slightly lorger than the bias applied and still no 
signal indicates that R3 and C3 ore operating satisfactorily 
and that either L1 is cpen or Clis shorted. Check the 
input circuit for continuity and shorts with an ohmmeter. 

The possibility exists that coupling capacitor Cec may be open. 
In this instance, use ci an cscillosocpe would immediately 
show an output on the transistor side of Cee, but nothing 

on the output side. When en oscilloscope is availcble, 
follow the signal through the circuit and rote where it dis- 
appears or changes in shape or amplitude to locate the 
trouble. 
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Low Output. Improper bias, low collector voltage, or 
a defective transistor are the most likely couses of low 
output. Check for proper bias and collector voltage, and 
also check the supply to be certain that a blown fuse or 
the supply itself is not the cause. With normal voltages, 
the transistor must be defective. 

Distortion, Nomally the output is distorted to a Céituin 
extent, however, the modulation should be intelligible. 
When itis so distorted that it is garblec, check the output 
circuit to make certain the trouble is not in the following 
audio stage. When the distortion appears in the output 
stage but not in the detector, the trouble is in the output 
stage. Improper bias is usually the foremost cause of ex- 
cessive distortion, and should be checked first with a 
voltmeter. If the bias voltages ar 
loscope and follow the siqnal through the circuit until the 
pattern changes and shows the part at fault. It is important 
to remeniber ta use an r-f probe when checking with the 
oscilloscope, since distortion in the t-f portion of the 
circuit will not show unless it is first detected by an r-t 
probe. 
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COMMON-BASE DETECTOR. 


APPLICATION. 

The common-base detector is usually used in small! 
portable semiconductor receivers to provide detection with 
some amplification, and where extreme fidelity is not 
required. 


CHARACTERISTICS. 

Employs grid-leak bias. 

Iy equivalent in output tc a diode and « 
fier stage. 

Produces more distortion than the common-emitter 
detector, or a diode detector, 

Operates as o small sianal detector which can easily 
be overloaded, 


separate ampli- 


CIRCUIT ase 

General. The common-bese detector is the transistor 
equivalent of the electron tube arid-leak detector, Detection 
occurs in the base-emitter junction. and amplification occurs 
eee 3 use of the collector ; jusiction. The cutput is the 
equivalent of a diode detertar fal c 
amplification, but with more inherent distortion. “here 
less distortion and better quality are reciirec « seonrate 
diode and transistor aucio stede cre used. 


Circuit Operation. The schematic af a tunica 
bose detector igi shown inthe accompanying illusaetio 
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from the collector circuit through oudio cutput transformer 
T2, however, RC coupling may be used to heip ir.prove 
fidelity if a smaller output is satisfactory. The primary 
of TZ forms the detector output load and is bypassed tor 
t-f ripple by capacitor C2. 

The input signal is applied to either the tuned or un- 
tuned primary and inductively coupled to the L2 secondary. 
When tuning capacitor C is tuned to the proper freouency, 
the input signal j is cot oupled t t k Clio the emitter. 

In the absence of o signal, contact hias exists as deter- 
mined by resistor 1. The small flow of reverse current 
develops small bias voltage across Rl which is near zero 
and only the small normal reverse current flows. 
positive portion of the input signal occurs, current flows 
through the emitter-base ‘unction drivina the emitter posi- 
tive (forward bias) and capacitor Clis charged necatively, 
establishing the operating point. On the neqative excursior 
of the input signal capacitor Cl is discharged throuoh Ril 
creating a negative, reverse-bics which reduces conduction 
in the emitter junction, The bias developed tollows the 
wave envelope of the modulated siyna! and produces a dc 
emitter bias which vaties at audio frequencies. Variation 
of the emitter bias causes the collector current to flow in 


occordéance with the audio £ frequency voriations af tre modu. 
€ with the qudi Gey 


When the 


lation, and the sutput veltase is developed hy collector 


™ 
VOSTOGe Lf CevesoPpoc 2a 8S 


curtent flow thrauab the n ar 
EE PES 


Capacitor C2 effectively acts as a low pas 


ee 


ut ne } 
SMY Teh Gr ass COMpSACLL Gipeley 
COECIOR circult. Thus cnly ine audio variguions inguce c 


roltac, ar 
YOudGe if bi eteste prim Gq 


ss filter, and 


edisting in the 
ry of Té, and the field around the see- 
th collector current 
changes, inducing an output voltage in the secondary. 
Strong signals may cevelep too much bias on the emitter, 
cut off collector current flow, and cause blocking. Since 
the bias ordinarily is small, the trensistcr operates on the 
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lation, distortion up to a maximum of 25 percent corexist. 
Such high values of distortion render this type of detector 
unsuitable for music or high fidelity broadcast use, except 
in cheap receivers in which the distortion can be tolerated 
for the sake of simplicity, economy, and portability. 


FAILURE ANALYSIS. 

General. When making voltage checks use a vacuum- 
tube voltmeter to avoid the low values of shunting resistance 
employed on the low voltage ranges of conventional volt- 
ohmmeters. Be careful, also, to observe proper polarity 
when checking for continuity with the ohmmeter, since a 
forward bias through any of the transistor junctions will 
cause a false low-resistance reading. 

No Output. Lack of collector voltage, an open input 
or output circuit caused by a defective transformer (T1 or 
T2}, or a defective transistor can cause a no-output con- 
dition. Measure the collector voltage with a VTVM. Nor 
mal collector voltage on Q] indicates that T2 and the out- 
put circuit are satisfactory. If no collector voltage exists, 
either T2 is open or C2 is shorted. Use a volt-ohmmeter 
and a capacitance checker to check these two parts. When 
collector voltage exists but there is no output, check T] 
primary ond secondary for continuity with an ohmmeter and 
tuning capacitor C for a short circuit. There is also the 
possibility of C1] being open. Use an ohmmeter and capaci- 
tance checker to check continuity and the capacitor for 
proper value. If Tl is satisfactory the transistor must be 
at fault. 

Low Output. Lack of collector voltage or on open out- 
put circuit, as well as a defective transistor can cause 
a reduced output. Measure the collector voltage, if it is 
normal, either output transformer T2 is open or shorted, 
or Q1 is defective. Check the transformer for continuity 
or short circuit with an ohmmeter, and check C2 with a 
capacitance checker. 

Distorted Output. The output will normally be dis- 
torted, but should be intelligible. If the distortion is 
so had that the modulation is garbled, check the input and 
output waveform with an oscilloscope. If the waveform is 
undistorted in the base circuit but appears distorted in the 
collector circuit, check the values of Cl md Rl. Since 
these parts set the bias point, a change in the value of 
either one can cause clipping or peak distortion effects. 
If these parts values are proper and within the tolerance 
indicated in the instruction book on the equipment, the 
transistor is most likely at fault. 


FM DETECTORS. 

The f-m detectors discussed in the following paragraphs 
are used to demodulate a frequency modulated r-f signal. 
Because of the similarity between a frequency modulated 
(FM) signal and a phase modulated (P's!) signal f-m de- 
tectors may also be used with minor changes to demodulate 
a phase-modulated sianal. While the circuits used in FM 
transmission and reception are more complex than those 
used for AM, FM provides more advantages whicn outweigh 
the additional complex circuitry. One of the most im- 


CHANGE 2 


0967-000-0120 DETECTORS 
portant advantages is in noise reduction of both man-made 
and natural static. Since most of these noise variations 
occur as amplitude variations, and the FM receiver is de 
signed so that it does not respond to amplitude variations, 
noise is automatically eliminated in FM reception. 
Semiconductor FM detectors can be divided into roughly 
‘three groups of circuits, namely, discriminators, ratio 
detectors, or slope detectors. These detectors are very 
similor in circuitry to that of their electron tube counter- 
parts in that crystal diodes cre merely substituted for the 
vacuum-tube diodes. Although these diodes do not have 
the practically infinite back resistance of the electron 
tube, otherwise, their performance is similar. And, they 
do have the advantage of not requiring filament power. For 
precise frequency response or frequency control, discrimi- 
nator circuits are usuclly employed. Whereas, the reduced 
response of the ratio detector is reserved for receivers 
where economy and simplicity cre desired. Each of these 
circuits is discussed in detail in the following paragraphs. 


FOSTER-SEELEY DISCRIMINATOR. 
APPLICATION. 


The Foster-Seeley discriminator is used in semiconduc- 
tor communications receivers ana particularly where auto- 
matic frequency control or high fidelity is required. 


CHARACTERISTICS. 

Must be preceded by limiter stages to eliminate any AM 
response. 

Uses a double-tuned transformer. 

Uses two separate diodes. 

Has low inherent distortion. 

Converts instantoneous frequency variations into in- 
stanteneous dec voltage variations. 


CIRCUIT ANALYSIS. 

The Foster-Seeley discriminator (also known as the 
phase-shift discriminator) uses a double-tuned r-f trans- 
former to convert the instantaneous frequency variations 
of the received f-m signal into instantaneous amplitude 
variations. The amplitude variations are then rectified 
and filtered to provide a d-c output voltage which varies 
in amplitude and polarity as the input siqnal varies in 
frequency. The output voltage is zero when the input 
frequency is equal to the center frequency (unmodulated 
carrier frequency). When the input frequency rises above 
the center frequency the output increases in one direction, 
(for example, becomes more positive), and when the input 
frequency drops below the center frequency, the output in- 
creases in the other direction {fer example, becomes more 
negative). 

Since the output of the Foster-Seeley discriminctor 
is dependent not only on the input frequency, but also 
to a certain extent upon the input amplitude, it is neces- 
sary to use one or two limiter stages before detection. 
When properly limited, and the input frequency is varied 
from a lower frequency through the resonance point of the 
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discriminator, andis then raised higher in frequency, the 
typical discriminator response curve shown in the accompa- 
nying illustration is cbtained, 
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cutve is from poirt A to point B in the illustration. Be 
tween these points, the curve is linear and the instantan- 
eous output voltage is directly proportional to the instan- 
taneous frequency deviation. 

Circuit Operation. The accompanying circuit schematic 
illustrates a typical Foster-Seeley semiconductor dis- 
criminator. 
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emitter resistor RE and bypass capacitor CE, The col- 
lector circuit tank consisting of Ci and L1 is the primary 
tank of i-f input transformer T], while LZ and C2 form the 
secondary tank circuit; noth tanks are tuned to the center 
frequency. Choke L3 forms the d-c return for diode recti- 
fiers CRid and CR2, While CR1 ond CR2 are shown by- 


macond by anualicing ranintarea Pl and BD tha nen 


Bane vy Saat TOSiSters ra Gnd M2, they arc not 


diways used (they are usually used when the diode back 
resistances are different). Resistors R3 and R4 are the 
load resistors bypassed by C3 and C4, respectively, for 
r-f, capacitor CS is the output coupling capacitor. 

The center tap on ccil L2 is capacitively coupled 
through coupling capecitor Cee te the primary. And the 
full voltage exists across choke L3. At resonance {the 


center frec suerncy} eaugl voltages oo and a. are oreduce?d 
Scuenoy, Seu GOS S, GhS OL oro rrcaucss 


across both halves of a thus eaual volt anes are aoplied 
ORZ uming these voltoces 


to the anodes of CRl and CRZ. Az 
are positive, conduction occurs and current flow througn 
diode load resistors K3 and 34 produce equal end opposing 
voltages across filter capacitors C3 and C4. Since the 
output is taken from C5 to round, the equal and oppositely 


polerized signals cancel and produce no output ct tie center 
frequency. However, as the frequency 
center frequency, the phase relationships in the halves of 
the tank circuit cause 9 valtage chan 
larger than e,. Since it is larger then the veltege across 
R4, the voltage of R3 predominates, creating c positive 
output voltage. 

Conversely, when the input siqnal frequency dross be 
low the center frequency cnc is lower, voltaae e, is 
larger than e, and the voltage ccress R4 predominates, 
creating a negative output. As lonq cs the input frequency 
variations remain within the limits of peak separation 
marked A and B on the discriminator curve, a linear fre 
quency versus amplitude relationship is maintained, That 
is the higher the frequency the larcer the positive output 
voltage becomes, and the lower the frequency the jarqer 
the negative output becomes. (If desired, the discriminator 
transformer con be wound and connected to produce opposite 
polarities from that described above.) In any event, the 
output voltaje is always developed across both R3 and Rd, 
and it is always the algebraic sum of these. Capacitors 
C3 and C4 are used to store the instantaneous voltages ond 
develop an averace output which varies at audio frequencies 
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Giese. 


oa 


is coupled ts 
S COupica wt the 


Stages by coupling capacitor CS ‘any 
be used), ‘Thus, while the input : 
varying f-m signal of steady mens ihe outUE is an 
audio frequency which varies linearly both in frequency and 
amplitude in accordance with the frequency ewin 
input signal. 
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FAILURE ANALYSIS. 


No Output. A defect in the primary or secondary wind- 
ings af Ta in the F RET arin abe betel me Mere emi bm mt 


‘ews, OF in tank tuning capacitors way 
C2, or C3, as well as defective diodes can cause a no-outpu 
condition, It is also ae bie for eeuplie capaci ‘tors Cee 
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C3 or C4 to be shorted and bypass the signal to ground. 
Use an ohmmeter to check the primary and secondary of T1 
and the RFC for continuity, and for shorts to ground. If 
these checks fail to locate the trouble, use on in-circuit 
capacitance checker to measure the values of C1, Ce, Cece, 
C3, and C4, Note also, that both diodes must fail to cause 
no-output, since if only one fails there still will be an out- 
put. When possible, use an oscilloscope to observe the 
waveform at the input and follow the signal through the 
citcuit noting where the signal disappears ta locate the 
source of the trouble. 

Low or Distorted Output. A defect in nearly any com- 
ponent in the discriminator circuit may cause the output to 
be low or distorted. Use an R-F Sweep Generator and an 
oscilloscope to isolote the trouble. Connect the sweep 
generator to the input and check the output with the scope 
on Q1 and at the anode of diode CR1 or CR2. Lack of 
signal at Q] indicates defective transistor or part in the 
transistor stage of QJ, A signel on Q1] but not at the 
diode anodes indicates Cec is either open or shorted to 
ground. If the input signal does not change in amplitude 
as the input frequency varies, the trouble is most likely 
in the discriminator circuit. To determine if the discrimi- 
nator is at fault, ground the base of limiter stage QJ and 
connect the r-f sweep input to the discriminator input, with 
the oscilloscope connected to the discriminator output. 
Adjust the sweep generator to produce an output which 
varies both below and above the discriminator center fre- 
quency and observe if the pattern on the oscilloscope is 
that of the typical ‘’S’? curve shown in the first illustration 
of this discussion. Defects in the circuit will cause either 
the entire curve or a portion of it to be distorted, or 
flattened. 

if the entire response curve is distorted the trouble 
may be caused by either improper alignment or by a de- 
fect in transformer T1. First check to be certain that both 
the primary and secondary tank circuits are tuned to the 
proper center frequency. If the discriminator is aligned 
properly, the trouble is most likely in the transformer. 

If only the upper portion of the response curve is dis- 
torted, the trouble may be caused by a defect in diode 
CRI, capacitor C3, resistor R3 or transformer Tl. Use an 
in-circuit capacitance checker to check capacitor C3 for 
value and leakage, and use gn ohmmeter to check resistor 
R3 for a change of value. 

Conversely, if only the bottom portion of the discrimi- 
nator response curve is distorted, the trouble may be 
caused by diode CR2, capacitor C4, resistor R4, or trans- 
former Tl. If the trouble persists use an in-circuit capaci- 
tance checker to check C4 for value and leakage, and use 
ohmmeter to check resistor R4 for a change of value. If 
these checks fail to restore the output to normal, trans- 
former Tl is most likely defective. 
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RATIO DETECTOR. 
APPLICATION. 


The semiconductor ratio detector is used in semi- 
conductor type FM receivers to demodulste the received 
t-f, f-m signal, and in afe contre! circuits to transform 
frequency changes into cc contro] voltages. 


CHARACTERISTICS. 

Employs a double tuned transformer and two solid 
state diodes. 

Converts instantaneous frequency variations of the f-m 
signal into instantaneous d-c voltages. 

Distortion is inherently low. 

Output is not affected by input amplitude variations 
when preceded by a limiter stage. 


CIRCUIT ANALYSIS. 

General. The semiconductor ratio detector, like the 
electron tube ratio detector previously discussed in Part 
A of this Handbook, uses o double tuned transformer 
(discriminator) connected so that the instantaneous fre- 
quency variations of the FM input signal are converted 
into instantaneous amplitude varictions. These amplitude 
variations are rectified by the diodes to provide a d-c 
output voltage which varies in amplitude and polarity as 
the input signal varies in frequency. The output is zero 
when the input is equal to the center frequency (unmodu- 
lated carrier frequency}, When the input frequency rises 
above the center frequency, the output voltage increases 
in one direction (for example, becomes more neaative). 
The specific polarity of the output voltages obtained for an 
increase or decrease in input frequency is determined by 
the design of the circuits and may vary from circuit to 
circuit. 

Circuit Operation. The accompanying schematic dia- 
gram illustrates a typical semiconductor ratio detector. 

The input tank circuit comprised of CJ and primary 
winding LJ of Tl is tuned to the center frequency of the 
received f-m signal. Secondary winding L2 and capacitor 
C2 also form a tank circuit tuned to the center frequency. 
Tertiary winding L3 provides additional inductive coupling 
which reduces the loading effect of the secondary on the 
primary circuit of the detector. Solid state diodes CR1 and 
CR2 rectify the siqnal from the secondary tank. Capacitor 
C5, in conjunction with resistors Rl and R2 determines the 
operating level of the detector, while capacitors C3 and 
C4 determine the omplitude and polarity of the output. Re 
sistor R3 modifies the peak diode current and furnishes a 
d-c return path to ground, The output of the detector is 
taken from the common connection between C3 and C4 to 
ground, which is also the common connection of Rl and R2, 
Resistor Riis the load resistor. A low-pass filter is 
formed by RS together with C6 and C7 to provide high fre- 
quency deemphasis. Capacitor C8 is the output coupling 
capacitor. 

When input voltage ep is applied to the primary, it also 
appears across L3 since it is effectively connected in 
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Ratio Detector 


parallel with the primary tank circuit by inductive coupling. 
When voltage ep is applied to the primary winding of trans- 
former Tl, a voltage is also induced in the secondary wind- 
ing anc cuuses Current to flow cround U Che SRSCHeas y tank 
circuit. When the input frequency is at the center frequency, 
the tank is at resonence, is resistive, and acts like o re- 
sistor. Therefore, tenk current is in chase with primary 
yoltege ep. The current flowing in the tenk circuitccuses 
equal volage drops to pe produces across eacn half of the 


balanced secondary winding of Tt, which are of ecucl maq- 


oy 
3 
2 
T 
‘J 


nitude and of opposite sno with respect to the center 
tap of the winding. Since the winding is : 
inductive, the voltage drop across it is $0 degrees out of 
phase with the current throuch it. At the same time, be- 
cause of the center tag crrangement, the voltages to ground 
at each end of thesecondary cre 180 cegrees out of phase 
and are shown as e, and €, on tne schematic. 


The voltane applied to the cathode of CR1 consists of 
the vector sum of e, and @p. Lik 


ise, the voltage apn li ed 


to the anode of RZ conerste of the vector sur of voltages 


2, and ep. Since at resonance there is no phase anit 
both voltages cre equal. Consider now the manner in which 
the diodes operate with the discriminator voltage ciscussed 
above. When a positive inout sienal is arolied to! 4,7 

voltage of opposite pelarity is induced inte se 


As shown in the accompenying sim piitie 


saath, ¢ ine 


ts anode ond 


é 
cothode of CRi is nenctive with respect to 
is forward biased, while the cnode sf CR2 


resnect to its cathode and is likewise ae by 


ers ate easing. Orie 


itive with 


Since both voltages are of equal magnitude at resonance, 
both ciodes conduct equally. Hence current flew through 


CR] ie in ore direction. while the current tles: through 
Vi is in one direction, while the current low torcugh 
~ 5 
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CR2 is in the opposite direction. This direction of current 
flow causes 9 negative polarity at point A ond a positive 
polarity at point 3. Through PL c positive charge ts ap- 
plied to C3. In a similar manner current flow through CR2 
produces a negative polarity at point 5 and a povitive 
polarity at C. Hence capacitor C4 is charqed negctively. 
Since ihe polurities ore additive, Capacitor C3 across the 
output charges to the series value of twice this voltede. 


RS AT 


ia 
5 VOLT. 
oe Ss 


Simplified Schematic 


In the example shewn, it is assumed that equal but 
opposite voltages of 5 volts exist across C3 and C4 
Therefore, the total charge across CS is 10 volts. Since 
the voltage aeress 73 and C4 are ened in amplimde {5 
volts) and of opposite polarity, the output across load re 


sister Bris the alaesraic sum or zore 


When the input signe] reverses polarity, the secondary 
voltage across Lz also reverses polarity. The cathode of 
CRI is now positive with respect to its anode, and the 
anoae of CR2 is negative with respect to its cathode. 

Under these reverse-bias conditions wllhin diode concucts, 
a there is also ro output. Meanwhile C5 retains mest of 

s charme because of the long time constant offered by 
al and R2 and discharges very slightly. 

When a tuned circuit operates at a} hig er frequency 
than resonance, the inductive reactance ee the coil in- 
creases, while the capacitive reactance of tae tuning caoac- 

m al. 


t+ aepoans Lane fara ove tescrnane: bee tele ta 
ftor decreases. Therefore; above resonanes. the tinx is 


predominately inductive and ucts Uke on inductor, teece 


ithe secondary current (is) lags the primary voltage ep. 


Therefore, when on inout frequency hisher than the center 
frequency is appliec 19 tne detector circuit, aphase sruft 
scars. Altheunt valtaaes a. } 


phase with the current fis) which produces them, Thus the 
chance to a Iacs secondary current rotates the vector 
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with primary voltage ep, while e ifted further out of 


phase with ep. Thus the vecior sum cf ep unde, is now 
lorger than thet of ep and 2, Theretere, above the center 
‘tequency the voltage applied to the cathode of [Ri be 
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comes greater than the voltage applied to the anode of 
CR2, 

Consider now the manner in which the diodes operate 
with the discriminator voltages developed above resonance, 
as discussed above. When a positive input is applied to 
L1 the same polarity as in the previous example discussed 
above exists, namely CR1 cathode is negative and CR2 
anode is positive, and both diodes conduct. However, e, 
is now greater thane, Therefore, diode CR] conducts 
more than diode CR2, and C3 charges to a higher voltage 
than at resonance, as shown in the accompanying simplified 
illustration, 


Current Flow and Polarities Above Resonence 


Thus, we assume in the figure an 8-volt charge on C3 
and only a 2-volt charge on C4. Since C3 is positive with 
respect to C4, the output is a 6-volt positive signal. 
Meanwhile, capacitor CS still remains charged to the sum 
of these voltages or 10-volts, as originally stated. When 
the input signal reverses polarity, the polarity of the sec- 
ondary also reverses, biasing both diodes in the opposite 
direction, and preventing conduction. During the non- 
conducting period, C5 discharges very little because of the 
long time constant. 

When a tuned circuit operates at a lower frequency 
than resonance, the capacitive reactance of the tuning 
capacitor increases, while the inductive reactance of the 
tank coil decreases. Therefore, below resonance, the tank 
is predominately capacitive and acts like a capacitor. When 
an input frequency lower than the center frequency is ap- 
plied to the detector circuit, a phase shift also occurs and 
secondary current is leads the primary voltage ep. Although 
secondary voltages e, and e, are still 180 deqrees out of 
phase they are also 90 degrees out of phase with the cur 
rent which produces them. Thus the change to a leading 
secondary current rotates the vector in a counterclockwise 
direction, and e, is now brought nearer in phase with ep, 
while e, is shifted further out of phase with ep. Thus the 
vector sum of ep and e, is now larger than that of ep and e,. 
Therefore, below the center frequency the voltage applied 
to the anode of CR2 becomes qreater than the voltage ap 
plied to the cathode of CR] as shown in the accompanying 
simplified schematic. 
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Current Flow and Polarities Below Resonance 


Once again CRi and CR2 are conducting, but this time 
CR2 is conducting more than CR1, hence, capacitor C4 is 
charged to the lorger voltage of 8-volts, while C3 is only 
charged to 2-volts. The output voltage across the load in 
this case is a negative volts because C4 is charged 
negatively with respect to C3, Again the charge across 
capacitor C5 consists of the sum of the voltages across 
C3 and C4, or 10-volts as originally developed. 

When the input signal reverses its polarity, the sig- 
nalacross the secondary also reverses its polarity. The 
cathode of CR1 is now positive with respect to its anode 
and the anode of CR2 is negative with respect to its 
cathode. Under these conditions, neither diode conducts, 
but the time constant of C5 together with Ri and R2 main- 
tains the current through the load in a negative direction 
until the next cycle of input, and C5 discharges but slight- 
ly. 

The output of the ratio detector adjusts itself auto- 
matically to the average amplitude of the input signal. 
Through the action of resistors R1 and R2 together with 
capacitor C5, audio output variations which would occur 
due to r-f amplitude variations in the input (such as noise) 
are eliminated. Since C5 charges to the sum of the voltages 
developed across RK] and R2, any amplitude variations at 
the input of the detector tends to chonge the voltages 
across Rl and R2, but because of the long time constant of 
C5 across these resistors, these voltages are held to a 
minimum. Before C5 can charge or discharge to the higher 
or lower amplitude variation the impulse disappears, and 
the difference in charge across C5 is so slight that it is 
not discernible in the output. Because the voltage across 
C5 remains relatively stable and changes only with the 
amplitude of the center frequency, and since it is neqative 
with respect to ground, it is usually used for automatic 
volume control (AVC) applications. 

Capacitors C6 and C7 together with resistor RS form 
a low pass filter which attenuates the high audio frequencies 
and passes the lower frequencies. This is known as a 
de-emphasis network, which compensates for the pre- 
emphasis with which the high frequencies are transmitted, 
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and returns the audio frequency balance to normal. When 
pre-emphasis is not employed these parts are not needed. 


FAILURE ANALYSIS. 

No Output. A defective discriminator transformer, 

T1, shorted tuning capacitor Cl or C2, an open output 
Tesistor RS, an open coupling capacitor C8, or shorted 
fi}ter capacitors (C6 or C7) will produce a no-output con- 
dition. Check the continuity of the windings of Tl with an 
ohmmeter. Check capacitors Cl, C2, C6 and C7 for shorts 
and capacitor C8 for an open with an chmmeter, and meas- 
ure the resistance of RS. If any of these checks fail to 
testore the output check all capacitors for value with an 
in-circuit capacitance checker. Note that while one defer- 
tive diode will produce a partial loss of output, both diodes 
must fail to cause a complete loss of output. 

Low or Distorted Output. A defect in nearly any com- 
ponent of the detector wil! cause the output to be either 
low or distorted. Therefore, it is qood practice to use an 
t-{ sweep generator and an oscilloscope to locate the 
trouble. Ground the grid of the last I-F staqe and connect 
the t-£ sweep generator to the detector input, and connect 
the oscilloscope to the detector output. With the sweep 
generator set to produce an output which varies above and 
below the center frequency, the pattern observed on the 
oscilloscope should be similar to the discriminator response 
curve illustrated previously. Defects in the response 
curve will cause either the entire curve or a portion of it 
to be distorted or flattened. 

If the entire curve is distorted, the trouble may be 
caused by improper aliqnment or by a defect in transformer 
Ti. First check to be certain that both primary and sec- 
ondary circuits are tuned properly to the center frequency. 
If the detector is properly aliqned, check capacitors C1 
and C2 with an in-circuit capacitance checker. Check Ri 
and R2 for their proper value with an chmmeter, and capaci- 
tor C5 for value and leakage with an in-circuit capacitance 
checker. If the trouble is still not located, it is most likely 
caused by a defect in transformer Tl. 

If only the upper portion of the response curve is 
distorted, the trouble may be caused by a defect in diode 
CRI, capacitor C3, or transformer T}. 

Conversely, if only the lower portion of the response 
curve is distorted, the trouble may be caused by a defect 


in diode CR2, capacitor C4, or transformer Tl. 


VIDEO DETECTORS. 


The semiconductor video detector is vee similar to the 


e cae 
vacuum tube video dotector. Generali: sceckina, the 


detector must handle a larger rence of gs lator than tne 
standard detector. Thus we usually find either =! 
series peaking, or both systems, used to comrenscte for 
loss of the higher trequencies. Actuaily, whether or not 
there is excessive loss of nigh frequencies is sometimes 
doubtful. For example, using the standard diode detector 
provides a broad response and it is the relative amount of 
loss of output eg fon in response to frequency that is 


important. lhu3 in the case where the hich frequency out- 
wmMportanti. whus in he where ine mign irequency out 


CHANGE 2 


0967-000-0120 DETECTORS 
put tapers off gradually it is questionable if peaking is 
necessary. On the other hand, where the cutoff is rather 
sharp, then boosting circuits are in order. 

The simplest circuit, of course is that of the diode 
video detector, however, this provides little or no gain 
since inherently the diode has no amplification. On the 
other hand by using a transistor type of detector, the 
emitter-base junction can provide the detection while 
amplification is obtained from the collector-base function. 
Thus, in one stage both detection and amplification are 
obtained and fewer driver circuits are needed to boost the 
output amplitude sufficient to drive an indicator. 

If the diode is used it is necessary to keep the input 
impedance level on the hiah side to maintain the rectificatior 
efficiency of the diode at a high ievei. On the other nan, 
a transistor can serve efficiently as a video detector into a 
telatively low value of impedance. The high base imped- 
ance provides the necessary high impedance input, while 
the output at medium or moderately low impedance matches 
the following video amplifier stage. Hence the general 
trend is to use triode video detectors, rather than diodes 
followed by extra stages of video amplification which do 
require adequate equelizing and peaking. 


BASIC VIDEO DETECTOR. 


APPLICATION. 

The basic video detector is used in semiconductor 
Teceivers of the superheterodyne type to provide a high 
gain video output. 


CHARACTERISTICS. 

Uses either fixed or self-bias. 

Is equivalent of a diode ond one staae of transistor 
amplification. 

Uses video peaking circuits te provide goed high 


frequency responses. 


CIRCUIT ANALYSIS. 

General. The operation of the basic video detector is 
identical to the operation of the AM diode detector previous- 
ly discussed in Part A of this Handbook, The only dif- 
ference lies in the use of the base-emitter junction of the 
transistor us a slots in Jaye of a senorale diode. Cots 


this section of the ‘Har 
proceding with the discus 


yideo detector. 
Cirevit Operation. 
sistor video detector usina shunt neckins 
accompanying illustruuon. 
The base of transistor Qh is connected to the untunec 
secondary of i-f transformer Ti, with the primary tune by 
capacitor C. stars R2 and R3 from ab 
divider ‘Ton: ne natiy re supely to around 
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Basic Video Detector 


secondary winding L2 of Tl. R3is bypassed by C2 to pre- 
vent a degenerative voltage from being developed across 
R3 with the instantaneous bias swings, thus allowing 
voltage divider R2 and R3 to provide a steady forward bias 
to the base of Q1. Resistor Rl is a conventional emitter 
swamping resistor used to stablize the transistor against 
thermal changes and, likewise, is bypassed by Cl to pre 
vent degeneration in the emitter circuit and negative feed- 
back effects. Inductor L3is a shunt peaking inductance 
with R4 supplying resistance to widen the response. L3 
also acts as the detector output load resistor across which 
the output voltage is developed and applied through cou- 
pling capacitor Cee to the tollowing stage, or direct to the 
CRT if sufficient drive exists. 

When an input signal is applied to Tl, the i-f frequency 
is selected by tuned circuit L1 and C, amd this i-f together 
with any modulation component is inductively coupled 
through secondary L2 which is leit untuned for a broad re- 
sponse, and the signal is applied to the base of QL The 
emitter-base junction of Q1 acts as a rectifier and instan- 
taneously changes the bias in accordance with the low fre 
quency votiations of the modulation envelope. Any remain- 
ing i-f is bypassed through copacitors Cl and C2 to ground 
and has no effect on circuit operation. As the audio en- 
velope of the received siqnal changes the bias on Q], the 
collector current is varied likewise, and the collector cur- 
rent fluctuates in accordance with the modulation. The 
audio frequency variations are bypassed across emitter re- 
sistor R i by capacitor C} so that only the long time tempere 
ture variations can produce a voltage change across RL 
However, the flow of collector current through L3 ond R4 
produces a change of collector voltage on the collector side 
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of the choke. A positive modulation swing causes a de 
crease of forward conduction ond raises the instantaneous 
collector voltage. Likewise, a negative audio excursion 
causes an increased forwarc bias and conduction, and the 
collector voltage of Ql reduces. Since only a small change 
in base current causes o large change in collector current, 
amplification of the detected signal is obtcined in the 
collector circuit of Gl and cppects os a larger output volt- 
age across L3 and R4 By resonating L3 with the stray 
capacitance in the circuit, the normal drop off in amplitude 
at higher frequencies is compensated for and the high fre- 
quency range is extended. Resistor R4 keeps L3 loaded 
down so that the overall frequency response of the detector 
is broadened. As the output voltage is developed across 
L3it also is applied through Cee to the output. Where the 
output voltage is sufficient the CRT may be driven directly. 
Where the voltage is not sufficient, an additional voltage 
amplification driving amplifier stage is added to increase 
the overall drive, as required. 


FAILURE ANALYSIS. 

No Output. An open input transformer, an open base 
circuit, emitter circuit, or collector circuit, as well as a 
defective transistor or open coupling capacitor can cause 
a no-output condition, Check the collector, base, and 
emitter bias with a high resistance voltmeter. Voltage at 
the collector indicates that L3 and R4 are not open, while 
emitter voltage indicates that Rlis not open or shorted, 
Likewise, base bias indicates that voltage divider R2 and 
R3 is operating, and that secondary L2 of T1] has con- 
tinuity. With these voltages obtained ond no output, either 
winding Ll of Tlis open or shorted, or Cec is open. Check 
C and Cee with an in-circuit capacitance checker, and also 
check the continuity of Tl primary L1 with an ohmmeter. 

If base hias is zero R3 is shorted, also check C2 for ca 
pacity with an in-circuit capeaitance checker. If the emitter 
voltage is also zero Rl is shorted by Cl, however, the 
transistor will still function and produce an output which 
will vary with temperature. If there is no collector voltage, 
check the supply voltage to make certain it is not at fault, 
check the value of R4 with an chmmeter and check L3 for 
continuity. 

Low Output. High base bias, low collector voltage, or 
a defective transistor can cause a no-output condition. If 
bias voltage divider resistor R3 changes to a higher value 
of resistance, or if R2 becomes lower in value, the net 
effect is to make the total base bias higher, check these 
resistors with an chmmeter. If R4 becomes higher in re- 
sistance, the collector voltage will also drop and reduce 
the output. Check R4 with an ohmmeter. If a high bias is 
measured across emitter resistor RJ, capacitor C1 is open, 
check Cl for value with an in-circuit capacitance checker. 
Do not neglect the possibility that the input tank controlled 
by capacitor C may be detuned from the desired i-f input 
frequency. If not shorted, tuning C will peak the response. 
If the response does not peak as C is tuned around the 
input frequency, check capacitor C for a short or open on a 
capacitance meter. 
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